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1 

h/^- vSr|Bt6^flSofl«ISV^< o^^> h7^ 
^»ftt;W77'f M-2)^^y^Sr$ ituIB 

3 ^iB*W*ft 0 

tttfa>o»»u 0^MoK7^^f-M^v>r 
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10 TsTy^h. fct)lo©Jflih7y^«:t/U7y 

[«*S9] ^<Hlo^h77^^f^ 
7^f ht^^ry^l Kf^^^rtyy y^is 

ool$ f 7 y ^ ?rt ;U7 y - Ft ^7 /li, 
i^Sf h 7 ^/^ ^7 y ~ Ff?)^r 

8 fC|B*co*& 

[H^i i] Kf^^rty^y ©*»of 
2 1 Kf^^^rtyyy o*»©t 

40 & Q 

[IS^13] #f^F7^lt { (C-A) - 

(d-e) } =o(nmmzi£^xm^mm±^&nmc 

y cMit^oiit, i§itt&Ka> K^^ym^p°p^ 
^v>t^ y -y^-^S8^«>t/i/7x^-)ry^7- 
->3yeK7>fyt/u7^^+y4 , li-fe;u77'< h-fS 

50 m^FU&lt, t^7t-^7<Y hco^(cM< Kv^^Sd 



( 3 

3 

»+nh9?*m«mfc*mfrtr zmzmxmi its* 
h^v-^i. h y sv^fi/o** 

W^hA, B, C, D, E*5«fctfF£^tr hy S V 

jtrs a k^^^s w&m* 

* h^fc»*fcfiB-C/«--* 

SEW^tt, ^h7y^i03 5%t7 5%fc(DB© 

5 tf— ^7 * SrJIlv d t lc J: o xm 1 oof— rf^- 30 
b 9 v 9 - 1 K 2 [eI<^-sK byy9 «i&iiaa*&£ «fc 

e y ^€:#-f-5^-4? h 7 y * Sr«fiiW(C#iitf c £ (c 
^oT^t^S, If 1 fclBfcflXfrfe, 
[SS*^2 o] f^7^^^ffli^:it:J:ot$ 

$ ?> l^tf> »3fcSC 1 l-IB«feo^fc 40 

[H^2 2] ^SrffiV^CitfrU^l 
^-x b^9 — >^^yy^ bi-ZxTv?}^ ftfe 

t/u77^ h ir^af^$tifcE«7yr^ h so 
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[M**2 31 V—tfyJ blrZXTvfnmm^ 
y CSmt^offldtS^f y^i:, K7-f 

Jg 2 2 lCgB*<0#te o 

[»*^2 5] f^^/l't-^^^iOl 1 (7?^ 
^ sR^— (D* 1 *5 cfc 2 0^-3^(0«ft ^ 1 

f^-7.h/^-y[i, *ifcctr/»2o^ 

h&&^ 7*4 b'yjyit, ^yKh7^fa- 

a^&fflWVXMIRZtltzT*-* b7v?\^y Yby 

7^^I^-Kf^^ K^^ytfcot, 

K^W^fi, ^^u±^co—UtLX-t-^y^ 



5 

(om&<DMWT-e^v b*by>*7*~V<om%Mtt 
±oTjB««fl^l£iBS^;h,a* MM 2 6 

/^7y^ *«fft&£tf tiNR? -f 

K*£tN MM 2 6 5a'>- Kr^^ K7 

[MM2 9] -^i. R^WlCv— 

->*$tt* MM2 6khb 
imm 3 o ] *5&^tt x mmn*<ommm*£mx 

Mix ^o^7y^t <, ^^^^(DV^<o^^L^L1--< 

tz^^? v >9 f \m*-$z.z>, MM2 9fcSBttoH& 

[MM 3 1 ] ttftftfttt&Mtt* ^fh7y^ 
6 6%t 1 2 0%^f a 1«:MU OMH&Kffl 

#£1"*, MM 3 0 fcl*B*<&«^- K^>f *9 V? 

[MM 3 2] — ;/ K^Vs-t-fi, 0f£T^^ 

h*^rte. ^4*9 K7^/i:, #x~*h 
£#J$f S w £ «fc ottHf-^-^ h 7 

6, MM 3 1 (cfg^co^/N- Kr K7-ry o 
[MM3 3J r^** Yy4^n, 3.— if'r-^ti 
Brfc+Wf— x h^rlr/u^^ b U 

^7^fhy7^x7ii T^r^K7>r^ 

6, MM 3 2Sr.|B«©«*/N— K-T-f Ky-Y^o 
[MM3 4] £2gsf— tf^-x M±, r^^^K7 

* MM 3 1 lc:lE«®«^ 

-Vt4*9 K7^^ e 

[MM 3 5] K^y^oTi?^^ 

byyJKD&ftZbfc, a<— XhA, B. C, 

htTV^-y^t^ MM 3 1 lcfB«0>8Si^ 

[MM 3 6] 7 s 4*9 K 7 ^^yhP-7fl ^ 
y Ktfi^g-J-fc, { (C-A) - (D-E) } = 0 <£> 
i^C'flotT"^ h^y^O+^-ht^y K h7^ 
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[MM 3 7J fVx* K^f^i*, ;/ b*by> 

6, MM2 6»cE«©«t^N-Kf f -i'^^ K7^^, 
[MM 3 8] ffii&^ixfc^-^^-vSrSSI-^ 
IBtt^Sp^r^^^-^IB^r^x^^. ^h7 
10 y^fi(06 6%t 1 2 o%t«>lfflo«iiffl<o«ljitW^*5& 
(Mr^i-saWi&XT-isJ:^ ^h7iy^i©3 5 

9\zttVT^y Fby^X7~~V£&W&%>i-%K.£> 
>\t, hA. B. C. D, E*3cfcl*F0>MJ ^ 

20 y o 

[MM 3 9] by ^^^$h-cv>^v^-^~^ 
hA, Bfcit/Cte, rVx^ K9-f ^KJS^n-fexrt 

ox^m^^ti. by ^v^tt-cw^f— ^ 

-xhD, E*5,fctfFte. t^^^^^Ty^it: 

ttV^-C K?"f 7't/U7^^t>'©W{Cf'f^^ K^>f 
4*9 \?74-? Q 

[MM 4 0] 7 4*9 \?74-7)$, EME^y K#S> 

30 v 3 tm, T-ttm^mztt-fz^vbyis* 

i^V^/^xhD, E^xrjF^±/uyy4 bi~ 

yy4 bTZ>. I^3 9C!5f©7^^ \?y47 0 
[MM4 1] f— -^-^hd, edS.tT/f^WI 
-eixftl/<-XFA, B*5J:t>*CO^}l 6. 7 

40 /l/7 7^ bD, E*5J:^F(^. ^ 

MH/^hd, efeiVf «>3j^l 6. 7%0>¥&;fr 
fa*y±y VX~y"4*9 K7^y(Cj:oTt;i/77^ h 
$Jx5, MM4 oicfBft^-r^^ K5-T^o 
[MM4 2] 45^^-Vf4, 

-A^KSrt>**, ^©f^/H^7y^««7-f-/wK 

JM««r£tr, M3 8l:fef(7)7^^ K^-f^o 
50 [MM4 3] 7 4*9 Yy4?\±, YbyV 



7 

[0 0 0 1 ] i<B3BWi, -jfttofctt. 81*^- KtV 

mis* 

[0002] w&'^-y^j*? K^^yti, 

7 y ^ liff ti:^n±of-^ h^^^W-Cf* 
^ W&^tc fifffifflftfE'H-igiR £ ftfcx— ? h7y 

t r 6c^«Ti?i]t £ c t tc j; ^xmm**>m& 

fc. 

[0003] x^^^±fcfE^$ix-5^jprig^^s 

»J«<O»i&*^*3J:0«Ktti*^S:fefflr5fc. Mat 
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10 KaK^>ai-Ofc8e>©3iy^— #j ( "Edge Servo f 
or Disk Drive Head Positioner" ) tif^R. 
> (R Moon) ^-A^«£^fc*H^ 
fr**§«5, 1 7 0, 2 9 9*tB«SW^-y* 

b y ? (D^m^fam^frtLZi-^xcD&wxcD 

6#fctfc»3i7-{t# ( rpESj ) 

-^icte5^b7^7ri^ Kig^'frK^LTli 
[0 0 0 4] x^T/l— y K«Jt^*ii*^*3«t^ttttl 

30 [0 0 0 5] * h^^te, Sv^tfrefc-CgBSL 
T*57Hx5 (x>f^^¥@^l>r^^fc*}, 100 
0^2 0 0 0 0 h7y^£t±O*h7y^) <E> 
T\ -y KffiSMf— sK/u~ ftSIWf-li, K# 

fete r^-^j ifr-^ir^^^^ 
f»#tt, ASWJcfi, h7y^^-^^J:a«6Pttl«: 
^ h 7 7 ^ ^ ^> o^ttj # «fc a? r. tb— <o»i&lb«2* (c^ y 

50 Pfi^6i^li^^I^^ ^y^f-^t 
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[0 0 0 6] JEmz&&&ftitV-7iZffim£J*KZ1tlto 

-^^-y^m^iEm^w^iitzz t y y 

—tfyj 9fflmT-?l hyyfifolz*) 3(U<7>5§i§-eiJ— 
[0 0 0 7] "T-f K9>f:/*-#?>r*:fc±OT>-- 

X? K^W^J ( "Method for Writing Servo Signals 
onto a Magnetic Disk and Magnetic Disk Drive Equi 
pped with Magnetic Disk(s) Having Servo Pattern Re 
corded by the Method" ) h Mi'Z>'Z*(Seo) 
ilfc*WWIf»5, 748, 3 98f^ mW$i 

T -<?-$y—^y4 ( "Control Apparatus, a 

Stage Apparatus and a Hard Disk Servowriter Appar 
atus Including a Robust Stabilizing Compensato 

r" ) bM-tZD-h- (Sato) fctt4-3ftfc*BOT!F» 
#»5, 7 2 6, 8 7 9^, Wm£tl1ty r -fi&1& 

( "Servolnformation Recording Method and Apparatu 
s for an Enclosed Data StorageSystem" ) hM"i"^>^ 
\syt (Malek) ICf+^^tl/^BWW^MBB. 6 2 
7, 6 9 8tt, TOftf** K^-YT^f— #7^ 
M-$fcai)O^7 L ^*5«i:0 t *"i5fej ( "System and Met 
hod for Servowriting a Magnetic Disk Drive" ) tM 
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t6v^x-A^ (James) ^JC^^ix^HftflF** 
S5, 3 3 9, 2 0 4^t\zmm^h^ *0>m&l** Z 

10 [0 0 0 8] S*x^^^^®±^f— 

£|§J ( "Architecture and Performance of the ESPER- 
2 Hard-Disk Drive Servowriter" ) hMi~Z>, I BM 
tm%m% (IBM J. Res. Develop.) , S3 7f, *1 
20 f-, 1 9 9 3^U, S3-1 H©IB*l:*5V^H. 
JrS (H. 0no) i-J:oTtam^tu6o ;*Vfc«fco-ClBtt 

30 LxmrnzmT) o 

[ooo9] x-^teiix^^^^ffi^ 
-try h«r#i&//-e*»5>lft!?«)3fcv^y h*:**"*-*— 2f 
fc 0 1^4*$ Yy4 7<r>tz.#><r>^!\sy< 

iij ( "Multiple Servo Sector Sets Write With Self 
-Verification for Disk Drive" ) iif^yy^ 

(sompei) t>fc«--*£*u m-Mzmmztitz*:mft& 

40 #-^5, 5 5 3, 0 8 6#fcSB«$*U. ^(DfflmtZ. 

[ooio] mz.&<<tz& o ^ n&*thtcv— 
t®fttp{zmm»tmvhr), f-#^fA^2 h77 
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-^t^X — ^ h7y^/^-yj ( "Data Track Pattern 
Including Embedded Servo Sectors for Magneto-Resi 
stive Read/Inductive Write Head Structure for a Di 
sk Drive" ) tM1rZ>, Y^fy Y (Ton-that) 

W-AKl»«**Lfc*IB#W**«5 f 58 7, 
8 5 0%-\zM^£ft>t)^mM£tls Z<Dm^ftZZ\Z.3\ 

[ooii] -f—tfy* h<o^(c, ^D-y/^li 
Tir^^y ( Thdaj ) ft, ^HBS^IKfcft^Slfc^lW^ 
e>ffl$;h,fc«L «^FISB»E#SHDAlc«l**^ Yy 

v \ —7 K*s J: IBlf x * cz>««ttfe «t V4#» t . 

[0 0 12] l7V**£ffi£fc9 07*-*gB!St*7 5' 

^ogc (h?y^«S) ^i#7ci-5^, -V—tfyJffH 
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if— #7>f M-*B*HHu J;5«U^^^ K7-<^ 
Sitcom tfc 9 £ft 

[0 0 13] ^— W^Sfe!**/!/?;**-*^*^ 

*yyy?mX%m&7*v±x\zmzLZh, -f-tfysi 
bmtiZlMz-Z&yhi&M^ YyJy , <z>fk&=iAY<D 

[0 0 l 4] f^^ Yy^^^-^y^ Y1rt>^* 

tt, RftJESBBto-x-f YyJy*<D?*y#^y 
*-fyi/*\£ ytf- hie Yy^y* £#dj1">5 d £ lc «t 5 

[0 0 15] P<oW^7t-*7^ h#fete.fctf 
i^loii r^*^ K^-fy^^f— #7-f h 

i-6tz£>(D->X7-J*i ( "System for Self-Servowriti 
30 ng a Disk Drive" ) tMi'^ ^ ^7 ]) (Swe 
aringen) bfcW4*hW-Ati«S*lfc*B«l»* 
*fg5, 6 6 8, 6 7 9-^(ClB^^H, t^^liCC 

y*<D1Zfryy—78y<< b&£X*&fe} ( "Self-Servowr 
iting Disk Drive and Method" ) hMLirZ># ] J y* (Cri 
bbs) bfcf+^^ifUfc^BtSFfW-S-WS. 4 4 8, 4 2 

tttzitXOy*— h7 7^fe ( "Bootstrap Method 
for Writing Servo Tracks on aDisk Drive" ) <hHi~ 

40 %?»y*b\ctt^istitc*mftn&%m5, 541, 7 

^/^»t6^f^/^t/U7H-*7^ h<Ofc 
^C0^fe^J:t5v'^7 : ->Aj ( "Method and Systems for 

Self-Servowr iting Including Maintaining a Referen 
ce Level Withina Usable Dynamic Range" ) ti8k~f" 6 
T^fT— (Chainer) & Jd«-#$nfc*H»f»«« 

5, 7 5 7, 5 7 4-^i, W<{1-% y^^^-filWS 
«Sr#9-fe^7-^-2j?9W h^rAj ( "Self-Servo 
writing System with Dyanamic Error Propagation Red 

50 uction- ) bm+zrx'd— hiztt*tstiitxm#w 
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#*fS5, 7 9 3, 5 54fh r-fe/U7ir-#7<< r 
-Ofyyi t^l ( "Self-Servowriting File" ) £H 
r^y^^V (Brown) bJcW#$ttfc*S«PilP#*» 
5? 5 7 0; 2 4 7f^ r»i&**r,fc*-# h 7 7 * 

fej ( "Embedded Servo Track Following System and 
Method for Writing Servo Tracks" ) hM'tZ*}) '< 
~ (Oliver) t>fcf+*SHfc*BWH*««4. 4 1 

4, 5 8 9-^tlc£tB$tb, ^BH^te, 

«t!?affl$tu5o 10 
[0 0 161 ^te-t^D—tfyj has#*ica*t 
^g«-CfcS^ URSfctt. K*I. «». M^J. 12 

* /Ulf- U H^fifefc9 2 0, 0 0 0 

( "Disk System with Sub-Actuators for Fine Head D 30 
isplacement" ) £j^1"<5^y (Mori) fcfctt-^Sftfc 
*H4W#»*5, 1 8 9, 5 7 8^|B«$tt, -t<D 

[0 0 17] Ifc^oT, r-f^^K7>f^ — * 
7 >< * fltftft tat-i/y^ft^- v 

«*>jBw# c: n £ -e<z> t - ^ft?^ * -km £ tvr ^ 40 

[00 18] C^Ofe5@fi«)ft fttTa«0|fi#*5 

[0 0 19] ^^>»WtOglJ(Z>@Wtt, f— #7>f*&# 
f*9<Z>^i£/^ — y#i^^^ir;i^7f— *'7^r hr/'Pir 
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[0 0 2 0] r<0»W<O£&fc5BWtt. *firtt«<0lS 

^-Kf-r^^ K7-f ^tr-tr/i^U— #7f h-f^fc 

[0 0 2 1 ] CO^cr>$ t,(cSiJ(0@Wrt, tV*;* K 
7^^K5§7 p O^^^*5V^Tf*-2K7>f^^^LT, 

7 h/<?->zmmis. »c^> ^j&i^tV*^ K7^ 

fe£3g-fe^7X^YVf»^iCS2p^-^ h 
7 F/^-vH^77^ htacitfc^o 

[0 0 2 2] w<D^BJ(Dg|ii1"6@6U^ LT. if-^7 
-f^tt, #J#ltf>hy S^£jfr-0>#V\ 2 h7y^^ 
-7 h/^-v^fcS 3t6i<D'<-x tV* 

* K7-T7'li, »i&*TBS!tt|o^7-fe7 htfftjedfrSPR 

fc* »2 h7y^^ 3fi<7>^ 
-7 b&j&.ft't&Zbfc&oX. 3^1h77nV 

[0 0 2 3] CO»ib§$f>/^g»ll &t>i^ 

-f 5 J; 9 17—^ 7 >f * £ T 7 7^ u- 6 L 

[0 0 2 4] ^(D&WVZb^h? lO^i^Jfi. +5> 

^7><^^ra**t^:-r^c:ci:^u^ 7>r^«i's 

[0 0 2 5] ro55W<^$bl-5S«J<OgWtt x K«<f!h- 

# 7 ^ ^ ai«d»e>-tti*ia if K«-e*v ^K7^yt^7^ 

[0 0 2 6] ^<D^8WO$P>^SJOSttl4, 7 7 ^- 
it^f?^»^«r«-ia««o5±tc-fe/U77>< 

[0 0 2 7] CW^coili:tot, ^^Kf-fX^ 
7tyyy©l^-K7^^^^t-^7^ hi-%tz 
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-y^t»^7^ b*rzx7?7ts mmftMiz&^r 

t$^fy^, SeJ&LfcT^*^ K9Y^Sr/<-W 

**ifcSJM-* h - v ^ c t id x o ra» 
©f— ^ h/^->-<£>/>&< th—n*±^yy 

h^-^Srfc/i^^ h LTt> J: 

[0028] z<omw(Dmmi'Z>mfc'Cte, »«^-h 

tVF>K7Y/^, K4^S'3^*MM"5fc«> 
^> 3 tK7^^^ K^-Y^Sr^HfPtHWttB-* 

£4>&{c: s r^*^ Yy^zfiatt/isyy—tfy-t V<r> 
y7h^r^n-K^ c^SrHfrLT, asflM>— 

->ffWaV^->$:t;i/77^ h-f6o aCflft*— 4? 

(fc <h h 9 y * *Itf> 6 6 - 

120%) bM&&m^iftftm*v>m%mtm (±t*. 

tf> h7y^3 5-7 5%) £<Dra<0*&#ttttl<0 
r»i&/y-et>«tv^ t/i^7f-^7^ F/Pt^l:^> 
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* m%WL*^tmm =» t - u> h # y << —*> k# 

[0 0 2 9] wtf>380J©I!fHi&Str 9 1 OCD#Jm 

1- siBtSE^ffi^r e^Mx-^isiSx -r * * «r^tp 0 

K^^^tt*fc> ^h7jy^«©6 6%£ 1 2 0%£ 
£ N ^h7y^S0 3 5%i: 7 5%i:(Z>raco«Sffl-Cfe 

ZhZm*LW±<D7-*&m F77^I^Ut^^ K h 

ioit ^ h y ^; hx> 7 ^ot7 

* h ( trroj ) liJ:^<^:K^6o 

[oo3o] 2 -&&mt% t . 

Ib^Lx Kf^^^Tty^JJ (HDA) 10H 

>b 1 o(D£«® £*1-S>>fc < 1 1> 1 ocDx-^IBit 
^^^^ 1 2 5r*g-tf 0 7-f^^i2(t r'^^^^t 0 ^ 

40 ^^btL6o h7^f^-t^^ K»jS1 5 

&WM (tckPLiX. AMR, GMRx 

tc^y Kft«. fcittf rg*ft««»«Ll ®a) 

ffli"5o KHIitl 511 ^y KT-Ai 6«i: 

50 -A16c0^ffli. HDA10©^^(CfftSLtSf 
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6©*«li, »a*^^P7^fax-^i 8£ 

^X\ c^iorrar/uxf-^r^fax- 

5, 1 8 9, 5 7 8-5§-(C7F£;ft, s fci:^.W. r^ffi/^ 

*tfc=r-rA'-r>f * dT^^-a^— K!K 

( "Head Suspension with Stacked Coil Wicroact 
uator for Tracking Axis Adjustment of a Read/Write 
Head" ) ^frfS^ h (Knight) blCtt^ZtlfcX 
mG1t&*mS. 8 6 7, 3 4 7#tC^^$tl6o 

[0 0 3 1 ] Bltlt ifcfcT'bixfcHDAl Otf. * 
y— >vU- i*3 Oft<D, If— tf? 4 is a V 3 2 

6. HDAlOfi. *<—xm* ffiI8*fcl±*^"/U'- 
W^fcfiHEgO (fctxtf^ft) /r>alf>3 4^ 

^3 6l:i^£ix£ 0 ijfry 7 1^^ 3 6fc)\ Iftf- 
A£ x U— ^ 3 2ftcDt^— - tf^^-y h3 8(: 

[0 0 3 2] C^^^^id^oT, •9—&5'(f3 
2te. ^ix^s T^*^ 1 2£[hI$5 T^^^zn. 
-^16 (*5 «t0«. 7*slT>1'X9»—*JT 9 

>^tfV K/U^e — * 1 4. T*^:*^ — * 2 043J; 

k i 5 &umtz. *m*fay--i$w®^~* v 

A, B*3«tT>*CO«I»!S2fl^— *f/<— ^ k^-X2 2 
tis #7^*3 2«K^y Kl 5COtfc|ftW/£ 
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h y ^>^£;ft/CW£l^3o<Z)A<— * — VSrg- 

* Kl 5 ©RUSH 1 1 y-^*^«*5«t^-<^ 

h^^-i/sra*i-6fc«>^tra^-^ hot 

[0 0 3 31 VlMV-tf^-X b'<* — y2 2&y—# 
7 Va ^3 2t?*5&*^ft, HDA10 

20 ttlZftLXm±£tlZo ^Jh^tlfcHDAl 0 

5 9^f^/^yho-7fs'7 P 5 7 ££r#tP 0 

[0 0 3 4]i2tU K^^^fWpyy VMb18S 
SS5 0H:, HDA1 OlcJBtfftf t>;h^ 7°y7y7 J 2 

l, * t°>^~^ 2 4#J;t>*T^^~^#V;*^ 
;^-^2 0^U^7Kl5(cM$^ Km/* 
5&^ir*^5 0&2 i fr^UT^y Kl 5^tU 

-KxV^^ 1 0 Ut#^^i6o ^L/ct^ 

5 2iC#^ix5o W^*t^=yh5 2tt, -r'^r 
^xry^yo - K^T-Va ^5 4 -fc/u 

^lWyn-KU fct?ttfia»3S«5 0±oK 
yJzf&Ti/f/u^ybv—y^X^X&mLtektfg: 
fT^ix^o ^©*(R$iifch7y^4 1 tt, 
•y—tfy^ h^tu^Ufc^-Kx^^^ 1 0 0(cov> 

50 ir, ^ ^^©JW^r-A^^r^, b'fJT'vm&m 



19 

I0035] ttftttlalB£i&ft<. /i/ry/ 

-f * * K 9 W tW&IbIB&K 5 0 t B8X t T«»J $ 

>T^0K«ft5oawy^h-/uJ3J:tJWK$^ eft 
Bij«©a»w- h ^ LrtT#*>ft5 w i ^Brtgtffc 

5, ^Mf^^^xTIl »J8©!ilB»fi«^hLT 

[0036] T^*^ K7^^10 O^W^^r^y 
«y h5 2\Zh%ffll^ bd, eto£Xff m 

9) ^i^^l>^2^»-^^ 4 

#lt^<o^© hy^Kio^T-r^*^ 1 2±iC-fe 

w*nB©n-fe^7 * * * v^x- > a s 

&&^ki-%Vfo*>o Q 7*4 *t Yy^-f 1 0 0#H?;u 

^f*^ 1 2{ci?/u:77>f h£ftTU£oTV>6-?fo^ 
[0 0 3 7] #£IXJ±, ^rU^-CMtftV^ MttH 

3ftS-CS>3 7« ft-ffftb, z.foh<OTi*<»/*W** 
T> IB«ffl««-ffifaLT*5!J. dfttet£(£, aMfOr* 

7) fecfctfr-f** 1 2<7)flt^£ftfc h?** 4 lJbfc 
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tt. f^^^!)x7y!)yo-K/Dt^5 4^lt 

o j: Ljoj: tm/s (Dtc£> \zmm t 

UtT^ftSo 

10 [0 0 3 8] K7>T^y Ktt«*~#W»A'-:? f **. 

&r~*lEt&^®{c#&£ftfc^ 

bM^y Kl 5©»H»^1 7 9 T istty? 

2 1 SEtti/*^**'^ 1 5 7^7^^ 
3 y^-7a7t, K7^f/<f7/5 3t, ^ 

>f^3-l'^7^fa^-^^2 0 CfccfctffcU'^'f 
^ dT*^»3c— ? 1 8A*^y FT— MsT±>^f]} 1 8 

»t LT^Sftrv^ftteW^nr^^-^ F 

^/j:7tP^-7^^;«fcJ:t;7^^^-7tu 

[0 0 3 9] x^^^ K7-f^»H*«si:BDi-S**J«> 
(HUM:, r h y ^ ^y$^fc/<-^ hj ^fcii r h y ^ 

hftR(c?Sofc*i&h7>'^7 f 3.— 9-1 7<D- 

v^t, WM^my-yrvv^y- (rro) ii»2© 
^tcov^r iimz>aiii) (DftKm^myyrv v^y- 

(NRRO) (Cctot^^ft, 0 3 AiC^J: h 

llel^iiii Cwi^ 1 * h h 

y^V^L. %i\<D'<~X h^r#iitf) ONRROtCcto 
50 r«:^^ft-5o 0 3 AGO h y ^ V^£;h/fc'<-* 
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•fcirfc 2 coilig fr&B fc C £ fc £ o T . 

[0 0 4 0J HI3B{1 A' *3£tfC 
ftfc^-* h^^JL^y^iiii-T5^j» (A- 
C) toKMR!/-^ 1 9©M#lfilt7-fe:y h 

*f 1 7 ^ h 7 y 2/3 ■Cfcntf, PESli 

b Icoi/^T J: 9*#v\, H3 A*5<tU?HI 3 Bfct, 

2|gco h y hA' *jj;tk:' icov^ 

-C -X Hg*B6 (PES) £^1% 1I3B£LT 

[o o 4 i ] g!4 A^ e to ? d4 Bii, hy^^ftr 

v^^vv^^ hA^ctT^C^oV^T^ttro^a^ 
-To (A-C) =0{doV>T4 1 ^^£tfj^^fcI§l4 B 
O|fe»<0i»^tt#tt. h y S ^?£ti1Z/<-X Y'<*~ 

^i:^^4e»^oti^t^ 0 PES 

[0 0 4 2] i^Ciom 1 2 0|Sttffi« 

fi, tV** 1 2©^1 (OD) frh"?*** 1 2£>§ 
/J^tffl^r*rtS (I D) tWfci:^f5oOf-^ h 

WfcHi, J: t) * t v y ** <fc 9 #4 vMfc«vA- > 
PEsm^y^Xtt^±^^<5fce6tc, 
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» (PES) X? izfrizz y-yttJjfKD 

^ >< *«fc*n-6 y & pr«^i- 

tf. 1 o£(±(Z)r >f ^xTf-^ F 7 7 ^ 4 1 

^S5«1"Sc:^^jlBSW'X?*>6o F7^7-ioo 

4 i b&mbyvtA 0h<Dmzft&i-Z hyvfW 
h6o-f-<r^-fe:/i-^^-#y^ hit, mm 
(nv-tf-z? y 2 5&*kf$,-tz> 0 — £L pes 

f hSixfcf— jK^— ^ b'<?->2 6%%ttMz.t 

t>tifrom\<*t>tizh* mmv-tfbjy* 4 0f±, s 

20 »of-^ h75/^ic^8l^nsr i:^p/^-e^>So ft 
iffefc, S&SLfcf'-f K7^/l 0011 

[0 0 4 3] 2*5 < fctf« 
&3tt^ 1 7 <7>£J1»;l J: oT^^^fc&tS 3 1 - W b 
<DT t i/?Mf?%i2 3&£W—#'<-x b 2 2&$trP- 
— jK/-?^ — vco— m%7si1r 0 Ao(D<im^--^byv^ 
«t>'t»ttll. t^Tko, t-^Tki, ih— ^Tk2 
30 ^it>'f— sKTka^^^ 4o©^f-^h7y 
^+iC?lfttt«, f^Tb, r^Tku 

69 2T'fc^>t: 0 ^^^-r6o I2 6 0^j»o?*¥»li. 3 

h^^^(Ot°y^<037>^2T-fc6t: 0 ^^?:^i-^ 0 il 
^^f:»ll y—f&*7 4 9 3 2 CDfigl^J^T-CO 
h y ^ >^£;h/0*4^*- h 2 2*5j:t«fe« 
40 =it-l/>'h^f^^M2 3<D^ii^{C, ^^^^ 

h77^^^f-*'7Yhfl 7>f 17©2 
ZTZMk'^—xoizivyu b<Dlzib\£&mk£tiZ> 

%}M'<-Xb'<*->&&&tttz.!t>^ > lf-JKh77 

tcti, X>f^^l2C0^ (OD) d^rtS (ID) * 
50 T'^SixSo 



( 13 ) 
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[0 04 4] HI 6 <DMVlt, 1 7 It, #7^-* 

h7**TkO*I<0 3#<0 2 £9 i>t>?MZ*%<. S 

©B»t6f-^ h7y^ict>fc-5 31al«)aia4 , ^»i& 
£ft6 3^co CHJ sy^SirvCvvfeVM 

hA, B&^tfCSr^fro HIl 0\Z7f:£}lZmife<Df— 

f-4?7^ ^XgOf^/U7 K 2 3 <h. 10 

>2 2C01f~#7>f ^gcr>^—X h A, B, Ct, ^ 
^->-2 6C9-t/u^7-T h£*lfcf— hD, E 

w-d- (w/2) =w- (w~2/3*TW) /2- (w/2) 

= w- (w/2) + (1/3 *TW) - (w/2) 
= 1/3*TW 
5£«K wf4, dtt, (w- (2/3 20 



* [0 0 4 5] ^CD^^COHSIC^or, /^-y2 60 

BfflB 5^ **g*je*5 ^tfy 9 

v^<— *V*A, B*3£l£C^£>3 57tf>l h?yn 4 yf 

H8lc«**lt$ h^y^iittffill (#&*tlftfi<£>;*-:7 
[0 0 4 6] 



*TW) ) /2 (M ^^ft-O^fevv*-;* 

[0 0 4 7] 2g?tc0tVx^ K?-f T'RH-f** lF7y 
3 0ili®co h y $ ^3ftfc4flco^— x 

^>*^-^2 5*ffl^st, mntxtt? 
jfrn^i T^it/iiMRy-yifi 9©w*©« 

^(O h7 y^i<03 5%t 7 5%i©K(0«Sffl 
iff^F 1 7 0>lB#*fcMR y -^S^F 1 9 cOifrgJ; 5 *>7C# 

^t(cj:$^mcoiof^ @l01:^$^6 6»f^ 
Wf^/^XFA, B. C, D. Eft&XfFfcir^X 40 

[0 0 4 8] iio 6D#J-Cte, -r — ^ h7y^ <o+i^j» 
tt. t^T^lIS^ { (C-A) - (D — E) } = 0£$j 
J£^$^MtK7^f^y hn-75 7fcJ:o 

h*»?>o«#S:^trtt«»9«# (PES) 
£U ^r^ft^r, f^^K7^^l0 0©^KM 50 



f-^»u-^»RRO^ <fctf P E S^P/ >f X# 
^yF(coVNtit ^ftM^^ff^te, If— # 

i-*t?ifc*>?#. W5^K©t7h7y^lElil 

^ ( totcj ) \±£r>&&teh<ot%Z)*'rxib 

[0049] mi 0©/^-y(l, *St^«C, ^x-^ 
h^^/^^ov>r 3IsloJ3iJfl«>#iiSr^Rt1-6dS, fH 
#^ClS<z>^c¥l**>fc Iia©»i&f4, x-* h7 

I^1C9 3<@(7)^-^ hA, B*5ctt^CSr#i&trCi^ 

«^ 1^7 *^B©6 PESit B/^-X 

b<D#*b<Dj&ffiz&^X¥b%fc&*fcft0$:1fi-Z>X 

8 COD. Efeit^F^-^ h«r*ii«ffca«>Jc+^iE«fe 
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2) &&m*<nmtfT-? h7^t'yf^3 3%&ffi 

3) *ii»KttKO*7-fey hd^r-* h7y^^f«) 
16. 7%*itfc5Cit*fo5o *lD<0 2o<Z>*#«: 

6. 7%£j©£&<fc5fc#iftiCO^T**, t/U7f-^ 
[00 5 0] BJ9i^i"i:*50, ^KOHA^D— #7 

*3J;V»*©9^^«Sr«lRIM-S) d*f?5, H 1 0 \Z7jk 
— > 2 6<DEc1&'<—x hD* E*3J:tfF5r*&tr 

yi^fctt + ra^-* h2 4©2ooBWi-5*ff*m 
^y^^Ttl^fflV^ K7«f Strife** 

[0051] HJ3A. HI4 A*3ctOT4B^ 

vm ifi. vmtK ^jhm^i 7 

[c h y * >^i-5d>*fettgW8$ii:5fc«>J-^-^ h^ 
*£— O^S*^'*— * h'<* — >2 2^6II^$tl§ 

-* ho3m*t <ftfc-C*>*>5o 
[0 0 5 2] i6(Dt- 7s \>/<? — V&#&tr 
IB. ^7^f^3 2cDy5'V^fc A ^3 4t±, Tf^^ 
^T-Al 6£36ftU Kl 5^gfl 7 

t-t/^h *>?^* /^-#w*r 2 3 0>«»0> = fcT- t 
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7y^^?)h7iy^^i3t-l/>ht$)^ 

5 7^=1- RI6tfc6CtS;t» 

it^iz^v Kfsaitftj&f sfc«xcifiwt ^smv^k 

10 m<Ofctotciift£;h,6x~* h7y^o8ffl^^» 

[oo5 3]^i:ci:om y-^/^^MWSSi 

$rg^i-U^o/^^ti±|Eiw^^l) 2) *>J;0* 
3) ©K#«r«*.T»ii««Ettlo*7-fey h£i#;*:£i*: 

Ky>f y 1 0 Wc1fe<D/<—x h'*f — Z'&±Ji' 

20 -yn^7 7^ hi-$zh&mWk#)-?foZ 0 Lfc#o 
T, 3 2^iCJ:o-C^W:^© 

4&J:t^2 0*[i8^-v 
fci\ t;u7^^^-^ h 5 2T* h*7^yi 0 OfcJ; 

fifir<5fc«>^ffl$ix$o &»<D'<f- % sn. 01 ok 

30 16^ ha — ^^*>fcorS@^o(fjH 

tt^^SSWb^iPE S $r#^-5«l0^jg/^-^; h 

[0 0 5 41 HI 2^1-^*5^, IliXbtlf^X^ 

^7 J K 2 3 Sr^tti bd^ofijffl LT, 1^-^— ^ 
h7^-;vK22 > 2 4ioJ:^/ / ^fcfi2 6^r#^/uT 

[0055] mi iz&m-rzb, m&<Dtz.?>fti-&L 

50 l^-f—tfyJ hV-4rV^tt. fv^y H»«7-f-^K 
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2 3*5«fctf£2|6f*- h7^-^K2 2 1 <E> 

#±9 9*9-^2 5 At LX&&ttZk&3L 

h7-f-;UK2 2 A&S2<o»PU— 
9 9*9— > 2 5B£ L-CSiitfCi:$:Sg-reo 07 
(C^-f ^*5«9^2ph7^^4 0#, t-#7>f^^f- 

-> 3 ^3 2©»itPT-e»ia*tur i bJ:v^ 11112^1- 

K7^7'l0 0^|fi4"C^tlt/W7^^t^ 

^-/i-K2 5A^^Il^S^^->2 2£>-f C&lc 
tt<«3flcS2|!/<-* b 2 2iC^UXfct^« 
16. 6 7%(Z)h7y^t 9 yf-e^hd, e&^tf 

So il3(^f^^ ^hD, E*5j:tf 

FfrbteZMcffeM&tD*-* h^-y7^-/uK2 6 

/**-V2 2A^tCflc K^^^l 0 0CJ:oTt/i/ 
:7^h£*l5o fc£fc£0>1>— #'<9->2 5 

<. Lfc# otlif^f * * iBtS^ffiO:*— iff*-- *|2t6 

too5 6i wyf-ane, ooohy^oh^ 

9 OHzCDXtf^K/MsMBiSa^ 0. 9 64 

Elcisjitf ltigfflm*) 3 6 0 09tr^ri"<5#ln«^>3. 5 

*7^ M--5fc*^«^$H$*5^«J:-5:0«l^ra 
(Th) t±, Th= (16000*0. 9645*1. 5 
*14*l/90) /3 6 0 0-mW (l^KI 

[0 0 5 7] h7 7^i^V^0 1 4 0*5* 

(C. *5*5J:-£1|bMBj^ ^h75/^^W^: 

hd, eSfcttf £*fcipfc*fc&S£$;ii,. 106 

M^-^FD, E£fcteF£#&frfcd6{c 
&g^^-^L^5fci^{c^t^^ 8leI(Ed«, J: 
9i«v^RROPift«rJg»'r5fc«>^RRO«P«SrJ|X*1- 
ttMz&mtZti, 2®mK T&m&inZ>h : 7v9VL 

'<->xhmmtL (BCV) SrH-*1"5fc«)^St^n 
6o BCVim fc£;tf;f, IBIKSC5 0±OK7^ 
zf<n>*y^T**3 5 5i^icfS^^n6o 2fct^ MO 

iieme#* &fe<Diz9 9mffi^\,^x**})ft\z.mi&£ 

nfcBCVioct^PE SSrfflv^T7>f — /u K2 6f*J<Dfi 
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xh'<9->'$:&&tfZkl<iJ:iXfa±ZtiZ>hs 
Tt>J:V> 0 BCVIi, f-^t^^©BCV7^-;i/K 

[0 0 5 8] BCVte. 74*9 1 2 69«3£<D[nIite|£fc> 
&X&\T9^=l^-9®M (hy?9®M) 

:/#iIEj ("In Drive Correction of Servo Pattern Er 
rors*) iB+Si/*^— K (Shepherd) ^IC^^H 
P-Ai-»«$^fe*H^#*»5, 7 9 3, 5 5 9 

6 0 BCV^K7-f^Mn p p5 0K.fcoTfrJ*£*u;fc: 
i^xFD, E:|3j;tfF##*^~#-fc** 

20 IT, ^^O-tr/i^^-f b^jftfc^— x h/^ — y2 6 
fit, tf— #7>T*3 2£/B^5 ll§J©SiS + l-»£**i, 
fc*ffi<zv<*-^J; 0 4>Lfc*ft^f±ftv*RRO&*FL 
#6, -6:^71^—^9^ h^t- K^*f 40i"— 7" 
^ T^^^^^tb^ctt^/^^dxe^K/UNRRO^ 

30 -xhD, E£fcf±F£»£trait&^ RRO^l 

W£Bcv7*-9&®>mi-z>^kiz£^x^ m^xm^ 

[0059] Mt- httfryy—tfyJ V 
t^v<-xhiaot^^h77^ 

£ f*^^/H^— sa?tWll7 4 —a* y<o Y ? v9*?fc 
40 ^{CBCV?rffiV>5C^lc e };orMiE^ti^o h^y^ 

» srS^-r 6 * ^ ct 9 fit e> frft'<-x h ft ^ 

[0 0 6 0] -t/U-^^^r^^^^y h 3 2tt/l/7t- 
/^-^2 2 &«&tflR0>ir-— tit? 4 9 3 2-0(07 4* 

9®mzmmtL. ^m*-^h*9->2 4^^& 



( 
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h/^-V2 6lC*5tfS»iiE« 

["00611 rar/^f-^r^fax»^Sffl 
60 K^^g 1 1 6 ^fryy h 7 y ^ t't 

[006 21 K^^yffim^^^^y^S L0>V'ft>4 

1 2_kic#j£A,-C\ ir;u^^^r-YV-fe;u>"^— # 
httf^^^i^^l^- h -f— -^-fe^^f- 

UT, #7-f h£*ufc'<— * hD, E*5J:t/ 

F V >T R R O tt <fc 9 '> < 5o ^ V^ 5 /^ 

^ <* ft £ if » zmn i-s ksk $ & 5 x -r x $ mm 

[0 0 6 3] $—#9* h*5<fctV<>-?lJ— 

2) S>SJ:9i-«jEi-6r k ftjEtffc* 
^t^tfStftS^ K7^f7'l0 0«o 
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[0 0 6 41 '^sf-V— Mi* x^^^^llaio 

^X^O. 5 4 0 0 R PM K7 ^ 7'(D±^y K)5^T 

^^97 ^ K 2 3 fctt L,T'<— * h Srffi 
B*«>1-5fci?>f-7^-^^ hSi'Lfc;*'*-;**:**-^ 
£ «t o tSAii^W ittilf^ <b fcv ^5 5 o 

20 ^yKSJi, >^ V&^—xb isX&JE&iiteMn 
/u-^fi. h^fc^WMlU PES^ 

©#^vy vy^-e, t~^7^ htfciit^7t 

[0 0 6 5] m-o^s/ Mc 

C03fitOS^-^ hA. B> CO**Uli&*— 

^©ftfflt^RTffii:i-SCi-C*>5 0 Ld»Lft**fe±» 

$n*#t*bffl . h^y^ftBSSW^^J:^-^^* 
[0 0 6 6] il4<070"f-y-Mt CKD^ODJ^ 

mz-'&oT'j Yy^^mm^mi 0 ost^l*:^ 

0-Cfe5 0 HDAi O^tfM^J; Wpfl ^ 
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fcHDAl Of*. f--^7W^^X-v-3 ^3 2(^$ 

0-6 T\ W^S^f— tf^*-^ t-#7^^3 2 
^gS^J^TT^ii^l 7lcJ;oT'>#< Hlo 

[0 0 6 7] ^fy/l 1 0T\ #l&T£>*t*: K^Y^ 

:/y ^Ma&g&T^ s^ibtbm^i^^^^^o & 

&IS&tc x ^f^yi 1 2T\ HDA^^tl, 7**f 

K^^ri-^y^nirx^ru -tr/u 

/<5/77 5 5i:y^yn-K^^$io tS^i-x 

■fey K Ki sr^PESj^b&j^r^ 

^-^X hP"^Ct?^6 h^^^ (k t/T) £ 

h a, e*5j:^f tet*<Dtpr$-y—tf^—x born 

4b£ft^ ^7y7 P 12 0t\ fct^WFD, E 
~>nm^ ±/^y^^r^>^{C^ *y-y?l 2 2tf 

[0 0 6 8] lS^^ttfc#^^^J^, ^ U-J±& 

??mm<Dmmtffi<Dmmc&y,^xt>, ^y^f-^mm^ 
&z%i-z%mmct^xn&ffi±<Dm®(DM®xfo?> 

[0 0 6 9] ZOmWl^ m&<DtZZflTl£Ll^mMffl 

\c^^xum^iitcf)K z<ownn. fctt*f^ 
Yyj7v-#y-( b jfmtsxxf trnmn 
<t x % m *tmxh * - 1 & m m% \*w h t>*xh 5 itr 
xfoz> 0 tfc^ 0 -c, %&(Dffl7jkj)m'fe'fz>i><oxfoz> 
tnfctstiz^-eft^zk&mmztiZo ***** 
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10 [(212] illc^i^ot, fc£:U ^7 Kf 
ftKSSNtfcftTT^** K7^7'7ty7''I^U 

[H3] AH, 2oc0^@^^^7-feix h$tl¥@ 

[HI4] Art, 2ocohy s ^Sft-c^fcv^a* 

h77^ *^«*»feOMRRttJ*?-©3MI*ftSMk©BI 

[SI 5 ] HI 1 (7>-y — ^7^T ^ SrfflV^TlB^^^fc 1 o 
F77^ £r#*"gtf 6 0(7?S^ h7 7^fl* 
30 Id J: o r « h tiit 5 o O-r - * ✓ - SC5>#I $ titc t << 

[m 6 ] mi wt^7>f^^f"i/3 >T-#^*n 

1. Sleliiii) h y S>^£jftTv*fci^igi?-— 

[1217] il^-^7-f^^f^>3 >T«5C0^ 
ih7^««Ertl:*ii^fc h y Z>i?tStiX^%:\,^ 

smy—tf'*-* h*fi- % s<DXi <&*iZtiti¥ffiWt 
mmxhZo 

40 ims] m6<D27 t -# byytrnv 3diiiig<o h y 
2o©/^MB<ofD^ y-r^^y-^^^ 

7 ^ ^^l^fcti y -?m<D&;J£te Liz 3#<Dit a v "fX 

[\M9] mwm&byvtv- b'<?~> 

50 t. ±^y^^^y^\cy^i^^ K7>f^:J;oTt;w 



( 
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[(21 1 0 ] (S^Wlcii^.— &*f—9'<9 — i'T?±* 

H-e$>5 0 

[Hill ^i^)t-*7'i'^^f-V3y^gi; 

J:oTf^f:2o^ 17-^ h^y^S D 3 mil 
igW h y S ^^SHTV^ftV^f— ^ — 



[HI] 
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[Hi 2] Hi lcofiiph^y^-^-^-^ b'<* 

ir;wy^>r bt$foZ>*ffl<D b D ^ >^£*i/CV*vv0--- 

[H l 3 ] H l 2 ^>S2p*5«t^+^^-^<-^ h a>° 

Tt;U77>f h£;h,<5Ste0> h y ^ V^£*vri^V>17- 
10 — ^/^— ^ h/^^ — >£co0-C£><5o 

[Hi 4 1 ^<D3§W<ommic'& pr^^ K?^:/*! 
if:/ p -fe * i« u-</kd Sfcwa -c £ o 



[02] 
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[H7i ims] 
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II 1] 



II 4] 




II 2J 




PCS 

no/ 



i0o 




124 



II 3] 
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1, Title of Invention 

Magnetic Hard Disk Drive and Method for Servowriting 
Track Locations 

2. Claims 

1 . A method for servowriting track locations of a storage surface of a 
magnetic hard disk of a head-disk assembly, comprising the steps of: 

servo-writing a first servo burst pattern by using a servowriter 
coupled to the head-disk assembly, and 

self-writing a final servo burst pattern by using the first burst pattern 
without using the servowriter. 

2. The method set forth in claim 1 comprising the further step of self- 
writing at some track locations of the storage surface a second servo burst pattern 
having circumferential burst edges radially offset relative to burst edges of the first 
burst pattern by reading the first burst pattern with a head of the head-disk 
assembly without using the servowriter. and self-writing at said some track 
locations a final servo burst pattern by using the first burst pattern and the second 
servo burst pattern without using the servowriter. 

3. The method set forth in claim 2 comprising the further step of self- 
writing at said some track locations of the storage surface a third servo burst 
pattern having circumferential burst edges located radially intermediate 
circumferential edges of the first servo burst pattern and the second servo burst 
pattern, and wherein the step of self-writing at said some locations the final burst 
pattern is carried out by using the first burst pattern, the second burst pattern and 
the third burst pattern. 

4. The method set forth in claim 3 comprising the further step of self- 
writing at said some track locations of the storage surface a fourth servo burst 
pattern having circumferential burst edges located radially intermediate 
circumferential edges of the first servo burst pattern and the third servo burst 
pattern, and wherein the step of self-writing at said some locations the final burst 
pattern is carried out by using the first burst pattern, the second burst pattern, the 
third burst pattern and the fourth burst pattern, 

5. The method set forth in claim 1 wherein the step of servowriting the first 
servo burst pattern is carried out at a servowriter station located within a clean 
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room environment, and wherein the steps of self-writing the final serv burst 
pattern is carried ut at a location outside of the clean room environment. 

6. The method set forth in claim 5 c mprising a further step of attaching 
and connecting a drive electronics circuit board to the head-disk assembly 
following the acrvowriting step, and using drive electronics of the circuit board to 
carry out the self-writing step during drive self-scan at a self-scan station outside 
of the clean room errvironmenL 

7. The method set forth in claim 6 comprising a further step of 
downloading self-servo writing control routines to the drive electronics prior to the 
self-servowriting step. 

8. The method set forth in claim 1 comprising further steps of servo-writing 
at least one reference track by using the servowriter and self-reading the at least 
one reference track to determine characteristics of the head-disk assembly. 

9. The method set forth in claim 8 wherein the step of servowriting at least 
one reference track comprises servo-writing a plurality of reference tracks across a 
radial extent of a storage disk of the head-disk assembly and wherein the step of 
self-reading the at least one reference track comprises the step of self-reading the 
plurality of reference tracks. 

1 0. The method set forth in claim 8 wherein the head-disk assembly 
includes a rotary actuator head positioner for positioning a dual element read/write 
head having a read "element with a width less than a write element, such that the 
read element manifests a positional offset relative to the write element as a 
function of angular position of the rotary actuator head positioner, and wherein the 
step of determining characteristics includes the step of determining reader to 
writer offset as a function of angular position. 

1 1. The method set forth in claim 1 wherein a final servo sector burst 
pattern of the head-disk assembly includes the fust burst pattern and the final burst 
pattern. 
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12. The method set forth in claim 1 1 wherein the final servo sector burst 
pattern of the head-disk assembly includes an untrimmed six burst pattern 
comprising untrimmed bursts A, B, C of the fust pattern and untrimmed bursts D, 
E, and F, each burst being radially offset from every other burst within the burst 
pattern. 

13. The method set forth in claim 12 wherein each data track is nominally 
centered on the storage surface in accordance with the relation: {(C-A) - (D-E)} » 
0. 

14. The method set forth In claim 13 comprising a further step of attaching 
and connecting a drive electronics circuit board to the head-disk assembly 
following the servo writing step, and using drive electronics of the circuit board to 
carry out the self-writing step during drive self-scan at a self-scan station outside 
of the clean room environment, and wherein the drive electronics calculates the 
relation set forth in claim 1 1 in carrying track following operations during drive 
operations following self-servowriting. 

15. The method set forth in claim 1 wherein a head of the drive includes a 
write element and a read element, wherein the write element has a writing width 
approximately two^hirds of a track width and wherein the final servo sector burst 
pattern of the head-disk assembly includes an untrimmed six burst pattern 
comprising untrimmed bursts A, B, C, D, E, and F, each burst being radially offset 
from every other burst within the burst pattern by one-third track pitch, 

16. The method set forth in claim 15 wherein untrimmed bursts A, B and C 
are recorded at the servo-writing step, and wherein the bursts D, E and F are 
recorded at the self-writing step. 

17. The method set forth in claim 16 comprising the further step of 
determining write element to read element offset and wherein the drive self-writes 
the final servo burst pattern at one-third track pitch intervals after determination of 
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write-element-to-read-element offset by Following A-B or B-C burst ccntcrllncs 
without deterrniiung write element width or read element width. 

1 8. The method set forth in claim 17 wherein the write element has an 
electrical width lying in a range between 66% and 120% f n minai track width, 
and wherein the read dement has an electrical width lying in a range between 35% 
and 75% of the nominal track width. 

19. The method set forth in claim 1 wherein the step of servo-writing a first 
servo burst pattern by using a servowriter coupled to the head-disk assembly is 
carried out by progressively writing servo tracks having a servo track pitch of one 
and one half times a data track pitch of data tracks defined on the storage surface 
of the disk such that there are two servo track writing passes for each data track 

20. The method set forth in claim 1 wherein the step of servo-writing a first 
servo burst pattern by using a servowriter further comprises writing digital servo 
data to the surface. 

21. The method set forth in claim 20 wherein the step of writing digital 
servo data to the surface is carried out directly ahead of the step of writing the first 
servo burst pattern. 

22. The method set forth in claim I wherein the step of self-writing a final 
servo burst pattern by using the first burst pattern without using the servowriter 
comprises the step of determining repeatable runout errors over multiple 
revolutions of the disk at a particular data track location and calculating and 
applying burst correction values to minimize determined repeatable runout errors 
while self-writing the final servo burst pattern. 

23. The method set forth in claim 22 comprising the steps of attaching and 
connecting a drive electronics circuit board to the head-disk assembly following 
the servowriting step, and using drive electronics of the circuit board to carry out 
the self-writing step during drive self-scan at a self-scan station outside of the 
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dean room environment, including the step f calculating and applying burst 
correction values while self-writing the final servo burst pattern. 

24. Themeth d set forth in claim 22 comprising the step of connecting a 
digital computer to the head-disk assembly following the servowriting step, and 
using the digital computer to cany out the self-writing step including the step of 
calculating and applying burst correction values while self-writing the final servo 
burst pattern. 

25. The method set forth in claim 1 wherein the step of writing digital servo 
data and the first servo burst pattern to the surface includes writing first and 
second servo sets of digital servo data and first servo burst patterns to the surface, 
and wherein the final burst pattern is self-written within an other one of the first 
and second servo sets, and comprising the norther step of overwriting said one of 
the servo seta. 

26. A magnetic hard disk drive including at least one data storage disk 
rotated by a spindle motor, a head transducer comprising an inductive write 
element and a magneto-resistive read element and positioned at radial track 
locations defined on a storage surface of the disk by a head positioner, the disk 
drive including write/read channel connected to the head transducer, a spindle 
driver for driving the spindle motor, a positioner driver for driving the head 
positioner, an interface for connecting the drive to an external computing 
environment and including a cache buffer, and a drive controller for controlling at 
least the head positioner to position the head transducer at selected data tracks, 
the disk drive having a reference servo patterns recorded onto at least a part of the 
storage surface by a servo writer as a part of a manufacturing process, the 
reference servo patterns being incomplete with respect to a final product pattern, 
the disk drive having self-servo-writing software executed by the drive for self- 
writing embedded servo final product patterns across the storage surface in 
response to the reference servo patterns. 
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27. The magnetic hard disk drive set forth in claim 26 wherein the 
reference servo patterns are recorded nto the storage surface by the write element 
of the head transducer under direct control of the serv writer. 

28. The magnetic hard disk drive set forth in claim 26 wherein the 
reference servo patterns include digital track information fields which are 
substantially phase coherent from track to track and which include digital track 
number information. 

29. The magnetic hard disk drive set forth in claim 26 wherein the 
reference servo patterns include repeating patterns of circumferentially sequential, 
radially offset reference servo bursts. 

30. The magnetic hard disk drive set forth in claim 29 wherein the write 
element has a magnetic writing width which is wider than a magnetic reading 
width of the read element and wherein the reference servo bursts provide centering 
information relative to a data track for some, but not all radial positions within a 
single track pitch. 

3 1 . The magnetic hard disk drive set forth in claim 30 wherein the magnetic 
writing width lies in a range of 66% and 120% of nominal track width, and 
wherein the magnetic reading width lies in a range between 35% and 75% of the 
nominal track width. 

32. The magnetic hard disk drive set forth in claim 3 1 wherein the head 
positioner comprises a rotary actuator and wherein the disk drive self- servo- 
writing software causes the disk drive to self-write intermediate servo bursts by 
reference to the reference servo bursts, and self-write final a product servo burst 
pattern by reference to the intermediate servo bursts. 

33. The magnetic hard disk drive set forth in claim 32 wherein the disk 
drive self-writes intermediate servo bursts in user data locations, and wherein the 
self-servo-writing software causes the disk drive to overwrite the intermediate 
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servo bursts with user data during subsequent user data storage and retrieval 
operations f the disk drive. 

34. The magnetic hard disk drive set forth in claim 31 wherein the 
reference servo bursts are included within a final product serv burst pattern self- 
written by the disk drive. 

35. The magnetic hard disk drive set forth in claim 3 1 wherein a final 
product servo burst pattern self- written by the disk drive comprises for each pair 
of adjacent data tracks an untrimmed six servo burst pattern of bursts A, B, C, D, 
E, and F. 

36. The magnetic hard disk drive set forth in claim 35 wherein the disk 
drive controller causes the head positioner to center the head transducer on a data 
track in accordance with the relation: {(C-A) - (D-E)} - 0. 

37. The magnetic hard disk drive set forth in claim 26 wherein the disk 
drive comprises a dual-stage actuator having a micro-actuator for independently 
positioning each head transducer, and wherein the disk drive controller separately 
controls the head positioner and each micro-actuator. 

38. A disk drive comprising a magnetic data storage disk having a storage 
surface defining an embedded servo partem, a head transducer comprising a 
magnetic write element having a magnetic writing width in a range between 66% 
and 120% of nominal track width, and a magneto-resistive read element having a 
magnetic reading width in a range between 35% and 75% of the nominal track 
width, a head positioner for positioning the head transducer relative to concentric 
data storage tracks further defined on the storage surface, the embedded servo 
pattern comprising for each pair of adjacent data tracks an untrimmed six servo 
burst pattern of bursts A, B, C, D, E and F. 

39. The disk drive set forth in claim 38 wherein the untrimmed servo bursts 
A, B and C are written to the surface by the magnetic write element while under 
direct control of a servo-writer within the disk drive manufacturing process, and 
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wherein the untrimmcd servo bursts D, E and F are self-written by the disk drive 
during a drive self-scanning operation following the servo-writer step. 

40. The disk drive set forth in claim 39 wherein the disk drive comprises a 
rotary head positioner and self-writes an intermediate set of servo bursts d, e, and 
f, by reference to bursts A, B, end C, before self-writing the untrimmed servo 
bursts D, E, and F in order to compensate tor write element/read element of&et 
angle attributable to radial position of the head transducer relative to the data 
storage surface. 

4 1 . The disk drive set forth in claim 40 wherein the intermediate set of 
servo bursts d, e, and f are self-written by the disk drive at radial offsets of 
approximately 16.7% of the bursts A, B, and C, respectively, and wherein the 
servo bursts D, E, and F are self- written by the disk drive at radial offsets of 
approximately 16.7% of the bursts d, e, and f, respectively* 

42. The disk drive set forth in claim 38 wherein the embedded servo pattern 
also comprises digital track information fields adjacently preceding the servo 
bursts and which digital track information fields are substantially phase coherent 
from track to track and include digital track number information read by the read 
element. 

43. The disk drive set forth in claim 38 wherein the disk drive comprises a 
dual-stage actuator having a micro-actuator for independently positioning each 
head transducer, and a disk drive controller for separately controlling the head 
positioner and each micro-actuator. 
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This invention relates generally to head positioning in magnetic hard disk 
drives. More specifically, the present invention relates to a method f r writing 
head position reference servo patterns on a magnetic data storage disk by 
employing a servowriter to record a coarse position reference burst pattern, and 
then by employing the disk drive servo to self-write a final fine position burst 
reference pattern based on the coarse position burst reference pattern. 



Magnetic hard disk drives conventionally employ rotary voice coil head 
positioners for rapidly moving a data transducer head between concentric data 
tracks during track seeking operations and for maintaining the head over a selected 
data track during user data writing or reading operations. Hie data transducer 
head is maintained in very close proximity to a rotating magnetic data storage 
surface by flying on an air bearing at approximately one micro inch, or less, above 
the surface. In this way, lineal data storage densities can be made very high. As 
lineal recording densities have begun to approach practical limits, another more 
recent trend for increasing storage capacity has been to make effective head 
magnetic widths narrower and narrower, in order to reduce track width and 
thereby increase the number of concentric data tracks that may be. defined on a 
disk storage surface of standard manufacturing size, such as 3 5 inches in 
diameter. 

Dual head structures have been adopted in order to recover discemable flux 
transition signals recorded on the disk. An inductive write element is used to 
write flux transitions onto the disk, while a separate read element of magneto- 
resistive or giant magneto-resistive material is used to read the flux transitions 
from the disk. It is known to provide a relatively wide write element, and a 
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relatively narrow read element. In fact, narrower read elements are presently 
preferred because they permit a track: to be read even though the head may not be 
precisely registered with, r maintained at, a track centerline by the head 
positioner. This relaxed tracking tolerance means that a less complex end 
expensive head position tracking system (servo) can be employed within the disk 
drive product Hie use f separate write and read elements necessitates different 
tracking target positions for reading and writing, because of the presence of 
manufacturing tolerances. When a rotary head positioner is used, the write-to- 
read offset (the radial separation between the optimum tracking targets for writing 
and reading on a given track) clearly varies across the stroke of the rotary 
positioner as a function of the skew angle of the head support structure (air 
bearing slider body) relative to the recorded track. This offset variation at any 
particular position is known as the "write-to-read offset". One drawback of narrow 
read elements is that such dements make it difficult to obtain a good position error 
signal fTES") at all positions across the radial width of a data track when used 
with a traditional burst pattern, for example the pattern described in commonly 
assigned U.S. Patent No. 5,1 70,299 to R. Moon, entitled: "Edge Servo for Disk 
Drive Head Positioner", the disclosure thereof being incorporated herein by 
reference. This drawback requires provision and use of a special servo burst 
pattern that provides a usable PES at virtually all radial head positions, relative to 
actual center, for each track across the actuator stroke. 

The write and read elements of dual head structures can have certain 
positional offsets, particularly when a rotary voice coil actuator is used to position 
dual-element heads. With a rotary actuator the positional offsets between the 
write and read elements vary over the rotational stroke of the actuator and head 
transducer relative to the disk surface. 

Because the data tracks are placed very close together (high track density of 
1,000 to 20,000 tracks, or greater, per disk radial inch) a head position servo loop 
is typically provided as part of the disk drive electronics in order to control the 
head positioner. In order to provide head position information to the servo loop, 
each magnetic storage surface typically carries recorded servo information. This 
information is most frequently "embedded" within each data track as a 
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circumferential series of narrow serv sectors between user data sectors or 
segments, sometimes referred to as "wedges" or "spokes". The servo informati n 
typically comprises certain phase-coherent digital information used during track 
seeking and coarse positioning operations, and fine position informati n typically 
in the form of burst patterns used for head tracking during reading and writing 
operations from and to a particular track. Once written during a servowriting step 
within the disk drive manufacturing process, servo sectors are thereafter protected 
by disk drive controller logic from overwriting as being denominated "read-only" 
areas of the disk's storage surface. As the head passes over a servo sector location, 
coarse and fine position information is sampled by the head, and this sampled 
information is provided to, and used by, the disk drive's servo control loop for 
closed loop control of the head positioning apparatus during track seeking and 
track following operations. 

In order to provide precisely written servo information, very precise 
servowriting instruments, typically employing laser-based interferometer 
technology, are employed within "clean rooms 11 of the drive manufacturing facility 
wherein atmospheric particulate contamination is closely controlled. Clean rooms 
are required because the disk drive Is typically servo-written with its interior 
exposed to the ambient environment. The laser-interferometer servowriter 
precisely measures actuator position of the disk drive. Based upon this precisely 
measured position, a drive head positioner, such as a rotary voice coil actuator, is 
moved under servowriter control from track to track while each data head in turn 
writes the servo information to an associated data storage surface. Once the servo 
pattern is written, it can be tested by a read back procedure while the drive 
remains at the servowriter station in order to verify that the servo patterns have 
been effectively and accurately written. It is known to write servo bursts with 
three passes per track under servowriter control. However, with a high number of 
tracks on each disk surface, the servo burst writing process can become very time 
consuming and therefore very expensive. 



Representative examples of disk drive servowriters and servowriting 
techniques are provided in U.S. Patent No. 5,748,398 to Seo, entitled: "Method for 
Writing Servo Signals onto a Magnetic Disk and Magnetic Disk Drive Equipped 
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with Magnetic Diak(s) Having Serv Pattern Recorded by the Method"; U.S. 
Patent No. 5,726,879 to Sato, entitled: "Control Apparatus, a Stage Apparatus and 
a Hard Disk Servowriter Apparatus Including a Robust Stabilizing Compensator"; 
U.S. Patent N . 5,627,698 to Malek, entitled: "Servo Information Recording 
Method and Apparatus for an Enclosed Data Storage System"; U.S. Patent No. 
5.339,204 to James et aL, entitled: "System and Meth d for Servowriting a 
Magnetic Disk Drive 0 , the disclosures thereof being incorporated herein by 
reference. One characteristic which is common to servowriters is that they are 
very complex and expensive items of capital equipment within the disk drive 
manufacturing process. Servowriter and related clean room costs must be 
amortized as an incremental cost burden of each disk drive being produced and 
servowritten. 

It has been proposed to write a servo pattern on a surface of a reference disk 
with a servowriter. Following installation of the reference disk onto a disk drive 
spindle, the reference servo patterns are used to write embedded servo patterns 
onto other storage surfaces within the disk drive. Such approach is described by 
H. Ono, in an article entitled: "Architecture and Performance of the ESPER-2 
Hard-Disk Drive Servowriter", IBM J. Res. Develop. Vol 37, No. 1, January 
1993, pp. 3-11. One drawback of the approach described by Ono is that a center 
of revolution of the reference disk on the servowriter may not correspond to a 
center of revolution of the reference disk in the disk drive, and that non-repeatable 
runout errors in radial and tangential dimensions differ between the different disks 
in the disk drive. (Tangential tracking errors interfere with servo information 
phase coherency and impose limitations upon servo clocking speed for the phase 
coherent digitar servo information fields). 

Since a data storage disk surface may contain media defects or anomalies, it 
has been proposed to write multiple servo pattern sets and then select an error free 
set, while overwriting (erasing) the other sets. This approach is described in 
commonly assigned U.S. Patent No. 5,553,086 to Sompel, et aL, entitled; 
"Multiple Servo Sector Sets Write With Self-Verification for Disk Drive", the 
disclosure thereof being incorporated herein by reference. 
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As already mentioned the embedded servo information typically c mprises 
certain digital data followed by certain fine p sition bursts recorded at a fixed 
frequency used for following a particular data track. The digital data desirably . 
remains phase-coherent from track to track so that it can be read during track 
seeking operations, and also read while the servo system is track-following 
between two tracks. The fine positi n bursts are circumferential ly sequential and 
radially offset, so that as the head passes over fractional portions of burst sets, 
fractional burst amplitude samples are read. These amplitude samples are 
compared and used by the servo system to generate a PES to control head position 
during track following operations when reading and writing is carried out 
Because of the write- to-read offset or offset between the read and write elements 
of a dual head structure at a particular track location, micro-jogging operations 
may be employed for proper head positioning. A disk drive having a head 
transducer comprising a relatively wide inductive write element and a relatively 
narrow magneto-resistive read element, and wherein the head transducer is 
positioned by micro-jogging a rotary voice coil actuator, is illustrated and 
described in commonly assigned US. Patent No. 5,587,850 to Ton-that, entitled: 
"Data Track Pattern Including Embedded Servo Sectors for Magneto-Resistive 
Read/Inductive write Head Structure for a Disk Drive", the disclosure thereof 
being incorporated herein by reference. 

Following servowriiing and while remaining within the clean room 
environment, the disk drive head-disk- assembly ("HDA") is sealed to prevent 
external particulate contamination. After the HDA has been sealed and moved out 
of .the clean room, an electronics circuit board is connected to the HDA to 
complete the physical assembly of the drive. At this stage, the fully assembled 
disk drive is sent to a bum-in rack or self-scan station where it is typically 
operated continuously over a period of time, and also typically over a range of 
temperatures, to assure reliability. Also, during self-scan, the drive conducts 
certain self-scan operations and discovers and develops certain facts and 
characteristics about itself, such as the reliability and characteristics of the heads 
and storage disks, and the locations of any media detects. These data are then 
typically recorded on reserved tracks of the disk drive and may be used later 
during normal disk drive operations in order to maintain and control drive 
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performance. Also, during self-scan, certain configuration and operational 
firmware and software may be transferred to reserved tracks of the disk(s) for later 
use by the embedded disk drive controller during normal drive data storage and 
retrieval operations. 

As the number of data storage tracks per disk surface (track density) 
increases, servowriter accuracy and writing time proportionally increases. While 
it is theoretically possible to provide an unlimited number of expensive 
servowriters within a clean room drive manufacturing environment, in practice a 
limited number of servowriters only are available, and servowriting time can 
become a manufacturing bottleneck, particularly as newer disk drive designs have 
included storage surfaces having thousands of data tracks. Also, it would be 
desirable to utilize servowriters of a given writing accuracy over a number of 
product cycles, each cycle typically manifesting increased track density. 

Burn-in or self-scan racks are far less expensive than servowriters, and 
adding self-scan rack capability to the manufacturing process raises the burdened 
costs of the drive far less man adding servowriting capacity. 

One proposal to reduce the cost of servowriting disk drives has called for 
moving the servowriter out of the expensive clean room. This approach calls for 
localized ambient air purification and scrubbing as by injecting clean air into a 
clock head port of the disk drive in a positive pressure arrangement such that the 
injected air exits the drive at the servowriter push-pin port. While mis is a cheaper 
approach than the clean room, it still requires an expensive servowriter apparatus, 
and the possibility of particulate contamination entering the disk drive interior is 
greater man from using the clean room environment 

Several self-servo- writing methods and algorithms have been proposed in 
an attempt to avoid the cost and inconvenience of the servowriter entirely. One 
such approach is described in commonly assigned U.S. Patent No. 5,668,679 to 
Swearingen et al, entitled: "System for Self- Servowriting a Disk Drive", the 
disclosure thereof being incorporated herein by reference. Other examples are 
found in U.S. Patent No. 5,448,429 to Cribbs et al. entitled: "Self-Servowriting 
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Disk Drive and Method"; U.S. Patent No. 5,54 1 ,784 to Cribbs et al. entitled: 
"Bootstrap Method for Writing Servo Tracks on a Disk Drive"; U.S. Patent No. 
5,757,574 to Chainer et ah, entitled: "Methods and Systems for Self-Serv writing 
Including Maintaining a Reference Level Within a Usable Dynamic Range"; U.S. 
Patent No. 5,793,554 to Chainer et aL, entitled: "Self-Serv writing System with 
Dynamic Error Propagation Reduction"; U.S. Patent No. 5,570,247 to Brown et 
a!., entitled: "Self Servowriting File"; and U.S. Patent No. 4,414,589 to Oliver et 
al, entitled: "Embedded Servo Track Following System and Method for Writing 
Servo Tracks", the disclosures thereof being incorporated herein by reference. 

While complete seif-servowriting is a highly desirable goal, it is very 
difficult to realize in practice, given manufacturing tolerances in head widths, 
gains, alignments, storage media characteristics and quality, etc. Simply put, self- 
servowriting procedures so for have proven problematic in disk drive mass 
production in providing digital servo information that remains phase coherent 
from track to track across the data storage surface, and in establishing sufficiently 
accurate positioning for servo bursts needed to provide linear PES values for 
current data track densities, which are quickly approaching 20,000 tracks per inch. 
Such high track densities not only require more precisely written servo reference 
patterns, but also high bandwidth servo control loops. High bandwidth servo 
loops may be implemented by use of dual-stage actuators, for example. One dual* 
stage actuator employing a piezoelectric device within a magnetic head arm is 
described in U.S. Patent No. 5,189,578 to Mori et aL, entitled: "Disk System with 
Sub-Actuators for Fine Head Displacement' 1 , the disclosure thereof being 
incorporated herein by reference. 

Therefore, a hitherto unsolved need has remained for a servowriting 
procedure which minimizes actual servo writer time while enabling the disk drive 
to self- servo-write embedded servo burst patterns supporting very high data track 
densities during drive burn in without need for writing coherent patterns outside of 
the servowriter environment. 
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One object of the present invention is t reduce the amount f time that a 
disk drive spends at a servowriter station during disk drive manufacturing in a . 
manner overcoming limitations and drawbacks of the prior art 

Another object of the present invention is to improve the quality of product 
serv burst patterns by removing certain unwanted pattern artifacts, such as those 
attributable to disk vibration, during a self-servo-writing process following 
reference pattern writing within a servowriter environment. 

A further object of the present invention is to provide a method for self- 
servo-writing of magnetic hard disk drives based on reference servo patterns 
written with the aid of a servowriter in a manner overcoming limitations and 
drawbacks of the prior art 

Yet another object of the present invention is to employ a servowriter within 
a disk drive manufacturing process to record phase-coherent digital servo 
information and a reference burst pattern, and then use the completed disk drive to 
self-write more detailed and comprehensive servo burst patterns derived from the 
reference burst pattern during extended self-scan operations. 

As a related object of the present invention, a servowriter writes an initial 
un trimmed three-burst-per-two- track burst pattern, and the disk drive writes a 
product burst pattern at one-third track pitch intervals by following the initial 
three-burst-per-two track burst partem without determining write element width or 
read element width, so long as write-to-read offset is determined. 

One further object of the present invention is to extend the useful service 
life of servowriters over a number of generations of disk drive products wherein 
each generation has a track density increased from a prior generation, without 
need for upgrading the servowriter to match the highest or latest track density 
layout or design. 
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Yet one more object of the present Invention is to produce a servo format 
with sufficient PES linearity to enable use f very narrow magnetoresistive read 
elements relative to writer width (e.g,, less than 40 percent of track pitch) without 
increasing servo writer time. 

Yet another object of the present invention is to transfer a significant 
portion of disk drive servowriting activity from an expensive servowriter 
environment to the disk drive within a less expensive drive self-scan environment, 
resulting in disk drives made at less expense and with greater reliability. 

Still another object of the present invention is to servowrite a family of hard 
disk drives having heads characterized by wide reader/writer tolerances in a 
manner which optimizes manufacturing utilization of clean room servowriters by 
having each disk of the family self- write at least significant portions of a final 
embedded servo burst pattern on each storage surface in accordance with 
particular head characteristics within each drive. 

In accordance with principles of the present invention, a method for 
servowriting a magnetic hard disk of a head-disk assembly comprises the 
following steps: 

servo-writing a reference servo burst pattern using a servowriter coupled to 
the head-disk assembly at a servo-writing station within the disk drive 
manufacturing operation* 

completing assembly of the disk drive by attaching and connecting an 
electronics board to the head-disk assembly within the manufacturing operation, 

transferring the completed disk drive to a bum-in rack. 

Iransferring certain self-servo-write control software to the disk drive, and 

operating the disk drive at the burn-in rack to self-write at least a portion of 
a final servo burst pattern by using the reference burst pattern written to the head- 
disk assembly by the servowriter. In this regard, the disk drive may self-write 
intermediate servo bursts patterns which are used to self-write the final servo burst 
pattern in order to take into account write-to-read offset from a rotary positioner of 
the disk drive. 
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In a related aspect of the present invention, a magnetic hard disk drive has at 
least one data storage disk rotated by a spindle motor and at least one head 
transducer comprising an inductive write element and a magneto-resistive read . 
element and positioned at radial track locations defined on a storage surface of the 
disk by a head positioner. Upon final assembly the disk drive includes a 
write/read channel connected to the head transducer, a spindle driver for driving 
the spindle motor, a positioner driver for driving the head positioner, an interface 
for connecting the drive to an external computing environment and including a 
cache buffer, and a drive controller for controlling at least the head positioner to 
position the head transducer at selected data tracks. In mis example of the 
invention the disk drive has reference servo patterns recorded onto at least a part 
of the storage surface by a servo writer as a part of a rnanufacturing process, the 
reference servo patterns being incomplete with respect to a final product pattern. 
After final assembly the disk drive is loaded with and executes self-servo-writing 
software for self-writing embedded servo final product patterns across the storage 
surface based upon the reference servo patterns. The reference servo patterns may 
be part of the final product pattern, or they may be discarded and overwritten. In 
addition, intermediate servo burst patterns may be written for some tracks in order 
to compensate for write-to-read offsets and/or differences between relatively wide 
write element magnetic width (e.g. 66-120% of track width) and relatively narrow 
read element magnetic width (e.g. 35-75% of track width). Calibration processes 
carried out within the self-servo- writing process determine the need for, and 
location of, any intermediate servo burst patterns. Phase coherent servo fields 
including track number information may also be included within the reference 
servo patterns and the final product servo patterns. 

In one more example including principles of the present invention, a disk 
drive comprises a magnetic data storage disk having a storage surface defining an 
embedded servo pattern. The drive also includes a head transducer comprising a 
magnetic write element having a magnetic writing width in a range between 66% 
and 120% of nominal track width, and a magneto-resistive read element having a 
magnetic reading width in a range between 35% and 75% of the nominal track 
width, and a head positioner for positioning the head transducer relative to 
concentric data storage tracks further defined on the storage surface. In this 
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example the embedded servo pattern includes for each pair of adjacent data tracks 
a six servo burst pattern of circumferentially sequential, radially offset u n trimm ed 
bursts A, B,C,D,E and F. A four servo burst pattern per track employing 
trimmed bursts may also be employed with slightly less tolerance for head width 
variances; however, ne drawback of trimming and writing bursts in the same pass 
is that there is less randomness along each trimmed burst edge and therefore 
higher written-in repeatable runout ("RRO"). 

These and other objects, advantages, aspects, and features of the present 
invention will be more fully appreciated and understood upon consideration of the 
following detailed description of preferred embodiments presented in conjunction 
with the accompanying drawings. 

Referring to Figs. 1-2, wherein like reference characters designate like or 
corresponding structural elements throughout the views, a head-disk assembly 
(HDA) 10 includes at least one data storage disk 12 having at least one major 
surface carrying a magnetic coating or deposition for storing user data in 
concentric data tracks defined thereon. The disk 12 is rotated at a predetermined 
angular velocity by a disk spindle motor 14. A data transducer head structure 15 
includes an air bearing slider carrying a relatively wide write element 17 and a 
relatively narrow read element 19. The write element 17 is inductive, whereas the 
read element employs magneto-resistive principles (e.g. AMR, GMR, or more 
advanced head technology, eg. "colossal magneto-resistive 11 principles), The head 
structure 1 5 is gimbal-rnounted to a distal end of a head arm 16 so that the slider is 
tree to follow closely above (one micro-inch or less) the disk surface upon an air 
bearing as is known in the art. A proximal end of the head arm 16 is journal 
mounted to a base of the HDA 10 and rotated relative to the disk surface by a 
rotary voice coil actuator motor 20. The distal end of the head arm 16 may 
include a suitable micro-actuator 1 8 thereby realizing a dual-stage actuator head 
positioner. Micro-actuators are shown in the Mori et al. U.S. Patent No. 5,189,578 
referenced above, and also in U.S. Patent No. 5,867,347 to Knight et al., entitled: 
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"Head Suspensi n with Stacked Coil Micro actuator for Tracking Axis Adjustment 
fa Read/Write Head", for example. Typically, the completed HDA will include 
a preamplifier, head selector, write driver integrated circuit 21 which is mounted 
as close to the head 1 5 as practical in order to maximize signal to noise during 
readback operations. 

In Fig. 1 the assembled HDA 10 is within a clean room 30 at a servowriter 
station 32 and placed in registration with alignment pins I ] . The HDA 10 
includes an opening formed in a base wail, sldewall or cover plate for admitting a 
mechanical or virtual (e.g. optical) push-pin 34 of the servowriter 32. The push- 
pin 34 has an engagement end which engages the actuator arm 16 and another end 
* coupled to a retro-reflector 36. The retro-reflector 36 reflects a laser beam back to 
a laser optics unit 38 within the servowriter 32. The laser optics unit 3 8 uses 
conventional laser interferometry techniques to determine precise relative location 
of the retro-reflector 36 relative to reference pins 1 1 and thereby Indirectly 
determines relative position of the push-pin 34 and actuator arm 16 relative to the 
disk 12. This relative position information is fed into an actuator push-pin 
controller unit 39 which controls position of the push-pin 34 and thereby controls 
position of the actuator head arm 1 6 during servowriter aided servo writing 
operations. 

In accordance with principles of the present invention, the servowriter 32 
controls the spindle motor 14, the actuator motor 20 and the head 15 via circuit 21 
in order respectively to rotate the disk 12, position the actuator 16, (and micro- 
actuator 1 8, if a dual-stage actuator is present), and write and check phase- 
coherent digital servo information Melds 23 and servo burst patterns to the disk 12. 
An initial reference servo burst pattern 22 of radial servo reference bursts A, B, 
and C Is recorded by the relatively wide inductive write element 17 of the head 15 
under the control of the servowriter 32. As servowritten, the initial reference servo 
burst pattern 22 comprises an untrimmed three-burst pattern. As written, the initial 
servo burst reference pattern is sufficient to enable the read element 19 of head 15 
to servo at some, but probably not all, locations within any particular data track 
defined on the data surface, depending upon the reader and writer element widths. 
Most preferably, the initial servo burst reference pattern provides sufficient 
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information to enable serv lag ver a sufficient area so that only a single set of 
intermediate bursts is needed to produce the final product servo bursts for all 
tracks. However, if needed in certain situations, it remains practical to provide 
multiple sets of intermediate bursts in order to achieve a final product servo burst 
pattern. 

After the initial servo burst pattern 22 is written at the servowriter station 
32, the HDA 1 0 is sealed relative to the ambient (as by placement of a protective 
stickers over e.g. the push-pin opening and a clock track head opening in the base 
wall, sidewall or cover plate). The sealed HDA 10 is then moved from the clean 
room environment to an assembly station at which a drive circuit board 50 
carrying disk drive electronics may be mounted to and electrically connected to 
the HDA 10, The drive circuit board typically includes a read/write channel 51, a 
spindle and actuator motor driver chip 53, a cache buffer memory array 55, and a 
digital controller chip 57 including an embedded programmed digital 
microprocessor core 58 and an interface 59. More or fewer chips may actually 
included on the board 50, depending upon the particular circuit integration at the 
chip/board level. 

In the Fig. 2 view, a drive electronics printed circuit board 50 has been 
attached and to the HDA 10 and connected to the head 1 5 via preamplifier 21, spin 
motor 14, and actuator voice coil motor 20, and the read/write channel 5 1 is 
connected to the read and write elements of the head 15 via the circuit 21, A 
structurally completed hard disk drive 100 results. Hie completed disk drive 100 
is then moved to a self-scan unit 52. The self-scan unit 52 includes a diskware 
download station 54 for downloading disk control software, including self-servo- 
write control software, from a central computer, ag. to reserved tracks 41 for 
retrieval and execution by the drive's digital controller on the circuit board 50. 
These reserved tracks 4 1 may be completely servowritten to enable easier code 
writing for the completed hard disk drive 1 00 , Alternatively, the disk control 
firmware can be stored in electrically programmable read only memory on the 
drive's circuit board 50, or it can be downloaded to the drive via a serial port 
facility included as an additional part of the drive electronics. 
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Alternatively, a special circuit board may be connected to the head 15 via 
preamplifier 21, the spin motor 14, and the actuator voice coil motor 20. This 
special circuit board would typically include the functions identified in association 
with the disk drive product circuit board 50 shown in Fig. 2, but would be 
specially adapted for drive self-servo- writing operation, and therefore typically be 
endowed with greater computing speed and capacity than the drive circuit board, 
enabling use of multiple self-written servo bursts and multi-rate servo pattern 
sampling techniques, etc., in order to self-write a final burst pattern. After the 
final product servo patterns are self-written, the special circuit board would be 
disconnected, and a drive circuit board 50 would be installed and connected, 
thereby completing disk drive assembly. Dislcware download via the function 54 
could then occur via the interface 59 or a separate serial port of the circuit board 
50, or diskware could be downloaded via the specialized circuit board. 

While the disk drive 1 00 is at the self-scan unit 52, a second, intermediate 
servo burst pattern 24 of bursts d, e and f (Fig,?), may be self-written onto the 
disk 12 for some tracks, depending upon measured write-to-read offset, for 
example. The assembled drive 100 can remain at the self-scan station for several 
hours. As explained later on, the self-scan process may require up to one or more 
hours per head and surface to carry out the self-servowritmg processes of the 
present invention. By the time the disk drive 100 leaves the self-scan unit 52, a 
final servo burst pattern 25 will have been self-written to the disk 12 at each 
product servo sector location. 

Preferably, although not necessarily, original servowritten and/or self- 
written intermediate servo burst patterns not comprising the final product servo 
burst pattern, will be overwritten or DC erased, since these cdginal/intermediate 
patterns are not needed for drive servo operation and therefore are located in 
storage areas which will later be used to store user data during normal disk drive 
operations. Also, bands of reference track patterns 40 (Fig. 7 ) and the disk self- 
servo-write software stored on reserved tracks 41 of disk 12, may be overwritten 
with control software downloaded via a diskware download process 54. The 
control software will be available for retrieval and use by the disk drive 100 
during normal disk drive data storage and retrieval operations. Active portions of 



( 44 ) #^2001-143416 

the control software are held in reserved page areas f the buffer 55 and executed 
by the digital controller core 58 within the drive chip 57. 

A drive head position servo control Loop uses the final product embedded 
servo patterns written to each data storage surface, and structurally includes the 
read element 19 of a head 15 associated with a particular surface, the preamplifier 
chip 21, the read/write channel 51, the digital controller core within 57, the motor 
driver chip 53 and the voice coil actuator motor 20 (and micro-actuator driver if 
micro-actuators 18 are included as part of the head arm assembly 18). Various 
analog to digital converters and digital to analog converters are also included 
within the head position servo control loop as is well understood by those skilled 
in the art and therefore not described herein in any further detail. 

An initial issue confronting the disk drive designer is whether to employ 
"trimmed bursts" or ''imtrimrned bursts*. A trimmed servo burst is one in which a 
radial edge of the burst is DC erased during a subsequent pass of the write element 
at a displaced radial position relative to the disk. A trimmed burst pattern is 
shown in Fig. 3 A wherein a servo burst A 1 has a lower radial edge which has been 
trimmed (the portion of the burst enclosed in the dashed line block has been DC 
erased) to be in alignment with the upper radial edge of an adjacent burst C*. It is 
possible to trim a previously written burst, such as burst A' during a single pass of 
the write transducer 17 along a servowriting path for writing the C burst. 
However, it has been discovered that a repeatable runout error (RRO) was reduced 
by a factor of about a square root of two when an untriramed burst pattern is used 
in lieu of a single-pass-trimmed burst pattern. It is believed that the burst null 
point for an untrirnmed burst pattern is determined by non-repeatable runout error 
(NRRO) of two different servowriting passes (one pass for each burst written), 
while the burst-null-point for a trimmed pattern as shown in Fig. 3A is determined 
by the NRRO of a single pass (wherein the write element trims one burst and 
writes another burst). While the Fig. 3 A trimmed-burst pattern could be written in 
a way to reduce its RRO by the V2 factor by requiring two passes for each burst: 
one pass to trim the previous burst and a second pass to write the burst, such 
approach would nearly double the servowriting time spent at the servowriter 
station 32. 
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Fig. 3B graphs a PES which is linear as a function of radial offset of the 
MR reader element 19 about a centerline (A-C) passing through the aligned edges 
of the A' and C trimmed bursts. If the writer element 17 is ab ut 2/3 of a track" 
wide, then the PES linearity signal should be about the same for trimmed or 
untrimmed servo bursts. However, for writer elements 17, which have electrical 
writing widths greater than about 2/3 of the track width, the useable portion of the 
PES curve is larger for untrimraed bursts. Figs. 3 A and 3B show the A'-C* burst 
amplitude difference (PES) as a function of radial displacement of the MR read 
element 19 for the two trimmed bursts A* and C\ The idealized curve presented as 
Fig. 3B has a linear portion, bounded on both aides by flat lines. The useable 
portion of the Fig. 3B curve is simply the linear portion of the curve. 

Figs. 4A and 4B show an equivalent situation for untrimmed bursts A and 
C. The linear portion of the Fig. 4B curve, centered about (A-C)=0, is smaller 
than that of the trimmed burst pattern, but the useable, non-flat portion of the Ftg. 
4B curve extends over a larger radial displacement of the MR read element 19 
relative to the disk. If a PES linearization method is used to re-linearize the PES 
within the drive servo loop, then the Fig. 4A untrimmed burst pattern has a larger 
useable region. 

in some cases it may be useful to provide bands 40 of one or more reference 
tracks radially distributed across the storage area of disk 12. Fig. 5 shows e.g. 5 
data track zones from an outside diameter (OD) of the disk 12 to an inside 
minimum usable diameter (ID) of the disk 12. In between OD and ID are e.g. six 
bands of reference tracks 40. A pattern of e.g. six reference tracks 40 is shown in 
Fig. 7 . While six reference tracks 40 are shown in Fig, 7 , other numbers of 
zones and reference tracks may be employed, it being generally understood that a 
greater number of zones is preferred over a fewer number of zones. The reference 
tracks 40 may include multiple sets of bursts, and the bursts may be longer than 
the final product bursts in order to improve PES signal to noise ratio. The 
reference tracks 40 are written with the aid of the servo writer 32 and enable the 
servo loop of the disk drive 100 to measure position error signal (PES) gain, 
reader to writer lateral offset across the disk, reader to writer circumferential 
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ffset, and reader width relative to writer width, for example. Also, as an 
alternative implementation of the present invention, it is practical to format and 
reserve e.g. one or more diskware data tracks 41 generally, but not necessarily, at 
the OD of the disk 12, for storing drive diskware which will be needed and 
executed during the self-servowriting operations at the self-scan station 52. Then, 
the drive 100 will self servowrite all of the servo bursts of tracks lying between 
the fully formatted diskware tracks 41 and the reference tracks 40 to create the 
final servo sector pattern 25. Once PES gain and write-to-read offset 
measurements are taken and used in deriving the self-written servo burst patterns 
26, the reference servo tracks 40 may be converted into regular data tracks, since 
the completed disk drive 100 will be able to servo accurately at any track radial 
location, and the reference tracks 40 are no longer needed for disk drive servo 
operations. 

Fig, 6 shows one example of a servo pattern comprising servo bursts 22 
and phase-coherent digital information 23 written with the aid of the Fig. 1 
servo writer 32 and the write element 17. Four nominal servo track centerline 
locations are shown, Servo Tko, Servo Tk„ Servo Tk 2> and Servo Tk 3 , and four 
nominal data track centerline locations are also shown, Data Tko, Datfi Tk h Data 
Tk 2 , and Data Tk 3 . In the Fig. 6 example, the servo track centerlines have a 
pitch, which is two thirds the pitch of the data tracks. The dotted horizontal lines 
of Fig. 6 represent progressive head position loci at one-third data track pitch. 
Each servo track has a pitch, which is two-thirds of the pitch of each data track in 
this present example, Selected loci may be followed by the writer element 17 
during writing of the phase-coherent digital information 23 and the untrimmed 
servo bursts 22 under direct control of the servowriter 32. Complete servo-writing 
of each data track at the servo writer would require two passes of the writer 
element 17; however, in accordance with principles of the present invention, only 
one pass per servo track is required at the servowriter in order to write the initial 
burst patterns needed for self-writing the final patterns and any intermediate 
patterns that may be required. In practice, thousands of concentric tracks are 
typically defined from an outer diameter (OD) to an inner diameter (ID) of the 
disk 12. 
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In the Fig. 6 . example, the write element 17 is slightly greater than two- 
thirds of the width of each data track Tk, and the reference servo burst pattern 22 
most preferably comprises three "untrimmed" servo bursts A, B, and C, written 
during three passes across two adjacent data tracks. The final servo burst pattern, 
shown in Fig. ID, comprises a three pass-per-track, untrimmed six servo burst 
pattern. Each final product servo sector 25 preferably includes the servo-writer 
aided digital fields 23, the servowriter aided bursts A, B, C, of pattern 22, and the 
self-written servo bursts D, £ and F of pattern 26. Alternatively, all of the servo 
bursts may be rewritten in self-scan in order to improve RRO, at the expense of 
additional time at the self-scan station. 

In accordance with principles of the present invention, the self- written servo 
bursts D, E and F of pattern 26 are self-written at one-third track pitch offsets from 
the servowriter aided untrimmed bursts A, B and C without the need to perform 
time consuming writer and reader width determinations. This advantage is 
illustrated in Fig. 8* In this example, the read element 19 follows a centerline 
locus of equal relative amplitudes of the A and B bursts. In the track-following 
position illustrated in Fig. 8* (where the write-to-read offset is zero), the head 16 
places the write 1 7 at exactly one-third track pitch below a track boundary defined 
as an upper edge of the servowriter aided untrimmed burst A. This desirable head 
position for self-servowriting burst D is established mathematically, as follows: 

w-d-(w/2) = w-(w-2/3*TW)/2-(w/2) 
w - (w/2) +■ (1/3*TW) - (w/2) 
1/3*TW, 

where w: write element width, 

d: (w - (2/3*TW))/2 (offset distance from A-B centerline using 
untrimmed burst pattern, and 
TW: track width. 

While previous disk drive designs have used three pass-per-track, trimmed 
four burst patterns, and two pass-per-track untrimmed four-burst patterns, use of 
the final servo pattern 25 shown in Fig. |0 has been discovered to enable use of the 
largest possible variation in the width of both the thin film inductive writer 
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element 1 7 and of the thin film MR reader element 1 9. Accordingly, by using the 
Fig. \0 final serv pattern, writers of electrical width in a range between 66% to 
120% of the nominal track width, and readers of electrical width in a range 
between 35% and 75% of the nominal track width, may be used, (with an 
additional constraint that the width f the writer element 1 7 will always be greater 
than the width of the MR reader element 19). One consequence of using 
im trimmed bursts in a three pass-per-track approach is that the six final servo 
bursts, A, B, C, D, E, and F, shown in Fig. 10, are required in order to accommodate 
all possible writer widths. 

In the Fig.lOexample it should be noted that the centerlines of the data 
tracks are determined by the drive controller 57 at radial points satisfying the 
following relationship: {(C-A) - (D*E)} - 0. For most reader widths within the 
useable range described above, these relationships usually produce a position error 
signal (PES) which includes information from four bursts in the vicinity of write 
track centerline, resulting in reduced RRO and PES demodulation noise within the 
head position servo control loop of the disk drive 100. For some heads with very 
narrow reader elements useful tine position information is available only from two 
servo bursts per servo wedge. For those narrower heads the TMR will be worse 
but off-track read capability ("OTC") of such heads should be better. Also, when 
only two bursts can be used by a particular head, the track centers for all tracks 
read by that head can be moved to the two-burst null point from the nominal four- 
burst null point. 

While the Fig.lO pattern essentially requires three separate writes for each 
data track, one write per each dashed horizontal line, Fig. 6 demonstrates that it 
is practical to write all of the digital information as well as the first three bursts A, 
B, and C by writing once every two-thirds of a data track (one write per two of the 
dashed horizontal lines). However, a drive 100 written with a pattern shown in 
Fig. 6 probably cannot servo well at alt locations along the radial stroke of the 
head position actuator 16. For example, if the width of the MR read element 19 is 
less than about 50% of a track width, and the width of the write element 17 is 66% 
of a track width, then the PES will have a flat region or null in the vicinity of the 
centers of the B bursts. With some combinations of reader-width, writer- width 
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and write-to-read offset, the drive con servo sufficiently accurately to write th D, 
E and F bursts of pattern 28 of the Fig.f o final servo pattern in self-scan. A set of 
conditions under which direct writing of the final servo pattern is possible is: 

1) the width of the read element is greater than 33% of the data track pitch; 

2) the width of the write element is less than 133% of the data track pitch; 

and 

3) the write-to-read offset is less than 16.7% of the data track pitch. While 
the first two conditions are liberal, the third condition is very restrictive to count 
on for all heads at all operating skew angles. For the situation where the 
read/write offset is beyond 16.7% of the track pitch, the self-servowriting 
operation is carried out in two steps. 

As shown in Fig. ? a first self-servowriting step causes an intermediate burst 
pattern 24 of bursts d, e, and f to be written at an offset of +/- 16.7% of a data 
track. As long as the first two conditions listed above arc met (limiting minimum 
reader width and maximum writer width} there will always be a way for the drive 
to servo using either adjacent radial edges of two of the original bursts 22 or 
adjacent radial edges of two of the intermediate bursts 24 in order to write the final 
bursts D, £ and F of the pattern 26 shown in Fig. '0. It should be noted that for 
large write-to-read offsets, the servo bursts used might not be the same as the 
bursts used for small offsets. 

As explained above in connection with Figs. 3 A, 3B, 4A and 4B, by 
"iintrimmed" is meant that the burst widths correspond to the effective electrical 
width of the write element 17, and no attempt is made to DC erase the burst edges 
in order to trim or adjust burst widths to a nominal reference width. It will be 
further understood that while a single radial burst pattern 22 is shown in Fig. 6 j 
in practice a plurality of servo bursts are written in servo spokes extending around 
the disk 12. Typically, there may be as many as 90 to 150 or more servo wedges 
or spokes defined on disk 1 2, depending upon particular disk drive design 
considerations. The greater the number of servo spokes of a particular drive 
design, the greater will be the number of servo bursts. 
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While writing the Fig. 6 servo burst pattern, the push pin 34 of servowritcr 
32 guides the actuator arm 1 6 while the write element 17 of the head 1 5 writes 
multipl copies f the reference bursts 22 and multiple copies of phase-coherent 
digital servo information 23 including, for xample, a sync field, a servo address 
mark field (which may include an index mark in one sector to mark a once-per- 
revolutton fiducial location), a track number field, and a servo number field. The 
digital spoke information fields 23 are coherent from track to track, meaning that 
the reader 19 of head 15 can read, and the read channel SI and drive servo 
controller 57 can decode, this information irrespective of some head misalignment 
with any particular data track center! ine location. The digital spoke information 
23 provides coarse positioning information needed for determining head position 
during track seeking operations, while the final servo burst pattern 26 will provide 
fine head positioning information enabling the head to be controlled precisely at a 
read element centerline of a data track being followed for reading, or for following 
a write element centerline of a data track being followed for writing user data. 

In some instances it may be desirable to relax the reader/writer width 
tolerances and/or increase the write-to-read offset beyond the 1 ), 2) and 3) limits 
set out above. In such case, it is practical for the disk drive 1 00 to self- write a 
second intermediate servo burst pattern before self-writing the final burst pattern. 
Accordingly, the original reference burst pattern 24 laid down with the aid of the 
servo- writer 32 and the two intermediate patterns are self-written by the drive 100 
at the self-scan unit 52 and used to develop the final product burst pattern. The 
final pattern may be a six burst untrirnmed pattern, per Fig. J o, or it may be a four 
burst trimmed pattern, or other suitable burst pattern providing robust and reliable, 
linearizable PES across the stroke of the rotary actuator 16 in light of drive- 
specific reader/writer widths and write-to-read offset 

As shown in Fig. 2, the assembled disk drive 100 includes read channel 51 
within the electronics and drive controller circuit board 50. In some instances > the 
read channel 51 may be limited to reading and capturing relative amplitudes of a 
finite number of servo bursts, following reading and decoding of the digital 
information fields 23 . For example, in some read channel chip architectures, the 
read/write channel chip may not be able to read and utilize the digital information 
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fields 23, write the servo burst fields 22, 24 and/or 26 add then demodulate the 
bunts within a sing) servo sect r interval. Because of this limitation, a modified 
self-servo-writing approach may be followed in order to achieve the desired final 
self-written serv pattern 25, with minimized use of factory servowriters, such as 
servowriter station 32 of Fig. \ . 

Turning now to Fig.//, a presently preferred servo writing sequence calls 
first for the servowriter station 32 to aid in writing the digital information field 23 
and the reference servo burst field 22 as a first reference servo sector pattern 25A, 
and aids in writing a second digital information field 23 A and reference servo 
burst field 22A as a second reference servo sector pattern 25B. Reference tracks 
40 as shown in Fig. 7 may also be written under the control of the servowriter 
station 32. As shown in Fig. 12, after the drive 100 is assembled and transferred 
to the self-scan station 52, the drive self-writes the intermediate burst pattern 24 of 
bursts d, e, and f, at e.g, a 16.67% track pitch relative to the reference burst pattern 
22 at a location immediately following the first reference pattern 22 in the servo 
field 25A. Next, as shown in Fig. L?, the final product burst pattern field 26 of 
bursts D, E, and F is self-written by the drive 100 immediately following the 
second reference burst pattern 22 A within the second servo sector 25B. Then, the 
original servo pattern 25A can be DC erased or overwritten with user data, since it 
is not needed for proper disk drive operation and therefore will ultimately lie in a 
user data storage sector of the disk storage surface. 

A rough estimate of time (Th) required to self-servowrite one data surface of 
an exemplary 3.5 inch disk drive having a track density of 1 6,000 tracks per inch, 
a spindle rotational speed of 90 Hz, a full radial actuator stroke of 0.9645 inches, 
1.5 servo tracks per each data track, 14 disk revolutions per servo track during 
disk self-servowrite, and 3600 seconds per hour is: 

T H - (16000 • 0.9645 * 1.5 • 14 • 1/90)/3600 - i Hour per Head. 

During the 14 revolutions for each servo track, approximately one 
revolution is required to seek to and settle at a next track, one revolution is needed 
to write each Intermediate burst d, e, or f, one revolution is needed to seek and 
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settle at a position to write a final product burst D, E or F, eight revolutions axe 
needed to collect RRO information in order for rejection of higher RRO 
harmonics, two revolutions are needed to compute burst correction values (BCVs) 
which are recorded and later combined with the digitized FES in rder to cancel 
out positional error RRO present along the track locus being followed. The BCVs 
are initially stored e.g. in the drive's buffer memory 55 an circuit board 50. One 
final revolution is then needed to write the final product burst D, E or F within 
field 26 using the PES and BCV stored in memory for the particular sector 
location. More than 14 revolutions for each servo track may be required as RRO is 
improved by using BCVs to write intermediate as well as final burst patterns. 
BCVs may be recorded in a BCV field of the servo sector for use by the product 
servo system following manufacturing and delivery of the drive to the customer. 

The BCVs may be determined over multiple rotations of the disk 12 while 
the head read element 19 follows the same radial actuator position (track locus). 
One presently preferred example of a method for calculating burst correction 
values is described in commonly assigned U.S. Patent No. 5,793,559 to Shepherd 
et al, entitled: "In Drive Correction of Servo Pattern Errors", the disclosure thereof 
being incorporated herein by reference. After the BCVs are calculated by the 
drive electronics 50> the values are applied to adjust position of the head arm 16 
and head 15 as the final bursts D, E and F are written into each final servo sector. 
In this manner, the final self-written burst pattern 26 may have no worse RRO 
than an equivalent pattern written during a single pass using the servowriter 32. If 
the drive servo loop compensates for disk vibration and/or spindle NRRO during 
self-servowriting, the final servo burst pattern may actually have less RRO than 
the servowriter generated servo burst pattern- A preferred self-servowriting 
method calls for first writing all of the intermediate bursts d, e, and £ that the drive 
needs, and then going back and writing the final bursts, by collecting the RRO 
and processing the appropriate BCV data immediately before writing each final 
burst D,E or F. 

In self-servowriting product servo bursts it is very important to maintain a 
design correlation between track centerline as determined by servo bursts and the 
track centerline of the digital servo information field. Therefore, low harmonic 



( 53 ) 



#^2001-143416 



RRO is followed by the disk drive servo loop's adaptive runout correction system, 
and high harmonic RRO is corrected for by using BCVs in writing the final burst 
pattern. For any written-in runout that is small compared to a track width, such 
runout is preferably ignored so that smoother bursts are written in order to define a 
more circular track locus. 

Since self-servowriting time at the self-scan unit 32 is less precious than 
servo writer/clean room time, it becomes practical to speed up the disk rotation at 
the servowriter 32 in writing the initial reference burst pattern 22, and slow down 
the disk rotation at self-scan during writing of the intermediate burst pattern 24, 
and the final burst pattern 26. This approach also aids in reducing the amount of 
written-in repeatable run out in the final burst pattern 26, 

Use of dual-stage actuators may provide practical enhancements in 
implementing the present Invention. If the head positioner 16 is placed at a 
nominal cylinder track center* then a micro-actuator 1 S associated with a 
particular head may be "steered" to follow a desired track locus. 

Independent of any limitations of the drive read channel chip 51, it may be 
desirable to write a double servo reference pattern on the disk 1 2 to enable a 
double-sample-rate servo sector sampling arrangement during the self-scan self- 
servowriting operations. Double sampling of reference servo bursts enables the 
drive servo loop to do a better job of following NRRO during the self- 
servowriting process and results in less RRO in the self-servowritten bursts D, E 
and F. A double-sample servo rate presupposes that the disk drive control 
electronics has sufficient computational speed and data processing capability in 
order to make the necessary RRO and BCV calculations without unduly incurring 
additional disk rotational latencies in carrying out the required computations. A 
special purpose high speed computer may be used in this case in lieu of the 
product electronics board SO in order to control the head-disk assembly 10 during 
self-servowrite. 

While stagger servowriting and bank servowriting techniques are known, it 
is presently preferred to employ a staggered self-servowriting process, which 
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progresses from head t head (surface to surface) along the disk stack. Stagger 
servowriting means that the servo patterns of the storage surfaces of the drive are 
progressively written (circumfcrentially staggered) during a single revoluti n of 
the disk. This approach is sometimes cmpl yed to minimize time at the 
servowriter station 32, but when used in accordance with principles of the present 
invention, this approach can result in significant offsets between the center of 
track as defined by the bursts and the center of a track as indicated by a track 
number within the coherent digital information fields 23. This offset can be 
calibrated by following various off-track positions in the vicinity of the nominal 
track and noting how the track number value varies with each offset It is 
necessary to calibrate this offset to be within a small fraction of a servo track pitch 
(two-thirds of the data track pitch). If the calibration is off by too much, it could 
result in a discrepancy between a digital track number and a burst-determined 
track centerline such that the drive 100 writes data at the wrong track location, and 
thereby loses user data. 

Bank servowriting calls for writing all data storage surfaces with servo 
information in parallel during a single revolution of the disk, and bank writing has 
another problem in addition to the offset problem noted with stagger servowriting. 
It is possible that the tangential skews between heads will change significantly 
when the disk drive is moved from the servowriter station 32 to the self-scan 
station 52. Actual measurements have shown that the tangential skew from a top 
head to a bottom head of a five-disk 3.5 inch, 5400 RPM drive can take as long as 
2 microseconds. Any such skew would have to be accommodated by leaving space 
in the format for locating the bursts relative to the digital information fields 23. A 
conservative estimate of the necessary tolerance or "slop" time would be one half 
microsecond. Also, the burst timing skew (latency) relative to the digital fields 23 
would have to be calibrated on a per-head, per-zone basis, so that the drive's servo 
control loop could properly demodulate the servo bursts and develop the PES. 
However, if dual-stage actuators are available for servo-control of each individual 
head position, and either if servo pattern offsets are employed between disk 
surfaces or if multiple read/write channels are simultaneously present, it may be 
practical to servowrite multiple storage surfaces simultaneously and with high 
accuracy, by having micro-actuator 18 canceling the effects of DC offsets and 
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learned NRKO at each storage surface being servowritten or sclf-servowritten, at a 
particular cylinder I cati n of the disk stack. 

One benefit in foil wing a single head/surface self-servo- write is that the 
offset between burst-center and track-number center will be small enough to 
enable use within the final product servo pattern of the first three reference bursts, 
A, B, C which are written under direction of the servowriter 32, and use the self- 
servowriting process for writing only the three final burst patterns D, E» and F, as 
explained above. However as mentioned above, too large an offset between burst 
track center and digital track number centers (unless properly calibrated) can 
result in track number identification errors and lost data. 

The Fig. 14- flow chart summarizes a disk drive manufacturing method 1 00 
in accordance with principles of the present invention. The components and parts 
comprising the HDA 10 are received and inspected at a step ] 02, and then 
assembled into the HDA 10 within the clean room or clean environment 30 and 
tested at a step 104. Then, the tested HDA 10 is moved to the servo-writer station 
32, still within the clean room 30 and initial reference servo patterns are written 
onto at least one disk surface by the write element 17 under direct control of the 
servo- writer 32 at a step 1 06. Then the HDA 10 is completely enclosed, sealed 
and removed from the servo-writer station 32 and the clean room 30. 

At a step 1 10, the assembled drive printed circuit board is received and 
checked out electrically. The board is men merged with the HDA at a step 11 2 to 
complete the disk drive assembly process and then moved to a self-scan rack 
location. At a step 1 14, after the drive is connected to the self-scan unit 52, self- 
servo-write firmware is downloaded to the buffer 55 of the drive. Then, at a step 
1 16, a number of critical calibrations are performed, including (but not necessarily 
limited to) radial and tangential write element to read element offset, PES 
linearization for each head 15, and torque constant (kt/T) over the actuator stroke. 
At a step 11 S a pattern of intermediate servo burst sets, e.g. the bursts d, e, and £ 
is self-written by the drive to each storage surface, and a final set of burst patterns, 
e.g. the bursts D, E and F, is self-written to each storage surface at a step 120. The 
original/intermediate burst patterns may then be DC erased or overwritten with 
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test patterns at a step 122 subsequently during self-scan* Finally, the drive may be 
configured for a customer's particular requirements at a step 124, and packed and 
shipped to the customer at a step 1 26. 

It is to be understood mat the particular implemeatatioos described are 
intended as illustrations of, and not as limiting the scope of, the claims* It will of 
course be appreciated that in the development of any such actual implementation, 
numerous implementation-specific decisions must be made to achieve the 
developers' specific goals, such as compliance with system-related and business- 
related constraints and that these goals will vary from one implementation to 
another. Moreover, it will be appreciated that such a development effort might be 
complex and time-consuming, but would nevertheless be a routine undertaking of 
engineering for those of ordinary skill having the benefit of this disclosure. 

Although the present invention has been described in terras of the presently 
preferred embodiment, It should be clear to those skilled in the art that the present 
invention may also be utilized in conjunction with, for example, other disk drive 
servo writing methods and patterns. Thus, it should be understood that the instant 
disclosure is not to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those skilled in the art after 
having read the above disclosure. Accordingly, it is intended that the appended 
claims be interpreted as covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 
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Fig. I is a highly diagrammatic plan view of a disk drive head-disk 
assembly located at a servowriter station within a clean ro m for servowriting a 
first reference burst pattern in accordance with principles of the present invention. 

Fig. 2 is a view similar to the Fig. 1 view except that the head-disk assembly 
has been sealed and provided with a drive electronic circuit board to complete disk 
drive assembly, and has been moved to a bum-in unit, for self-writing a servo 
burst product pattern further in accordance with principles of the present 
invention. 

Fig. 3 A is. a schematic representation of an MR read-element juxtaposed 
next to two radially offset, radially trimmed bursts; and Fig. 3B is a graph of burst 
amplitude difference as a function of MR readHelement radial displacement from a 
burst-established track centerline for the Fig. 3 A trimmed burst pattern. 

Fig. 4A is a schematic representation of an MR read element juxtaposed 
next to two untrimmed, radially offset bursts; and Fig. 4B is a graph of burst 

amplitude difference as a function of MR read-element radial displacement from a 
burst-established track centerline for the Fig. 4A untrimmed burst pattern. 

Fig. 5 is a greatly enlarged, planarized diagrammatic plan of a disk surface 
divided into five data zones spanned by six reference track regions each including 
one or more reference tracks recorded by using the Fig. 1 servowriter. 

Fig. 6 is a greatly eniarged > planarized diagrammatic plan of a three-pass- 
per-two-data-track(!.5 pass per track) untrimmed reference servo burst pattern 
written at the Fig. I servowriter station. 

Fig. 7 is a greatly enlarged, planarized diagrammatic plan view of 
untrimmed reference servo burst patterns written tn a Fig. 5 reference track region 
at the Fig. 1 servowriter station. 
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Fig. B* is a greatly enlarged, pianarized diagrammatic plan view of the Fig. 
(? thrcc-pass-per-two-data-track untrimmed reference servo burst patterns 
wherein a null point between two bursts provides a servo reference location in a 
case where the writer to reader offset is zero, thereby enabling direct writing of 
intermediate and final servo burst patterns at one third pitch without writer width 
or reader width determinations in accordance with further principles and aspects of 
the present invention 

Fig.? is a plan view of the Fig. 6 reference track servo burst pattern and a 
pattern of intermediate untrimmed servo bursts self-written by the disk drive 
during self-scan. 

Fig,f 0ts a plan view of the Fig. ? pattern along with final untrimmed bursts 
self-written by the disk drive during self-scan (along with the intermediate bursts 
which are ultimately overwritten with user data patterns). 

Fig. / I is an alternative plan of two three-pass-per-data-track untrimmed 
servo burst patterns written with the aid of the Fig. 1 servowriter station, one of 

the patterns being a product digital data plus first servo burst pattern, and another 
one of the patterns being a reference pattern. 

Fig. 1 2 is a plan view of the Fig. / j reference track servo burst patterns and a 
partem of intermediate untrimmed servo bursts self-written by the disk drive 
during self-scan. 

Fig. 13 is a plan view of the Fig. 12 reference and intermediate servo burst 
patterns and a final untrimmed servo burst partem self-written by the disk drive 
during self-scan. 

Fig. H-is a high level flow diagram of a disk drive manufacturing process in 
accordance with principles of the present invention. 
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FIG. 1 
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1. Abstract 

A method for servowriting a magnetic hard disk drive includes servo- 
writing a first servo burst pattern by using a serv writer coupled to a head-disk 
assembly within a clean room environment, self-writing at least a second servo 
burst pattern radially offset relative to the first burst pattern by reading the first 
burst pattern without using the servowriter, and self-writing a final burst pattern 
by using the first burst pattern end the second burst pattern without using the 
servowriter. One or more intermediate burst patterns may be provided to 
accommodate writer/reader offset of dual element read heads in order to produce 
final product servo burst patterns. A disk drive having embedded servo sectors 
each including an untrimmed six-burst final servo pattern is also disclosed. The 
disk drive self-writes at least some of the final servo pattern. 

2. Representative Drawing 

Fig. 1 



